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Abstract
The purpose of this thesis is to evaluate the possibility of biosolids reuse at a
newly upgraded wastewater treatment plant equipped with chemically enhanced primary
treatment (CEPT) in Riviera de Sio Lourengo, Brazil.
The design and operation of the sludge collection, stabilization and dewatering
process at Riviera de Sio Lourengo is presented. A series of tests, performed in the
January 2000 field study and later, were made to analyze and optimize the operation
efficiency. The quality of the biosolids was also analyzed to see if it could comply with
the Brazilian regulations on biosolids reuse.
The sludge treatment process and biosolids reuse practices of the Point Loma
Wastewater Treatment Plant in San Diego, California are also studied as a reference.
This wastewater treatment has been operating with CEPT for about 15 years and it is the
most well documented CEPT plant in the United States.
Preliminary experimental results at Riviera showed that the quality of the
biosolids produced is suitable for beneficial reuse. However, further studies should be
done to confirm this preliminary conclusion and to evaluate other possible alternatives.
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1 Introduction to CEPT and Riviera de Sio Loureneo
1.1 Principle of CEPT
The principle of conventional primary wastewater treatment is gravitational
settling. The removal rates from this form of treatment are approximately 60% of total
suspended solids (TSS), 30% of biochemical oxygen demand (BOD), 30% of nitrogen
(N), and 30% phosphorus (P) (Metcalf & Eddy, 1991). In chemically enhanced primary
treatment (CEPT), which involves the use of small dosages of a metal salt and/or a
polymer into the primary settling tank, pollutant removal is enhanced by particulate,
colloidal settling, and precipitation. Through the coagulation and flocculation processes,
particle size is increased, allowing more efficient settling. Results from previous studies
show that CEPT is able to achieve removal rates of 85% TSS, 60% BOD, 30% N, and
85% P (Harleman and Morrissey, 1992). The dramatic phosphorus removal rate in CEPT
also provides nutrient removal capability in a single treatment stage.
CEPT process can either be used as a single-stage wastewater treatment system or
as the first stage treatment prior to a second-stage biological process, depending on the
requirement of quality of the effluent. With the implementation of CEPT, the size of the
subsequent secondary biological facility can be significant reduced because of its much
greater efficiency compared to conventional primary treatment. As a result, space and
cost can be significantly lowered, making CEPT an attractive option, especially for
developing countries.
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1.2 Facility and Process at Riviera de Sao Lourengo Prior to CEPT Upgrade
Riviera de Sio Lourengo, a beachside resort built and managed by Sobloco, is
located on the Atlantic Coast, about 2 hours away from Sdo Paulo, the largest city in
Brazil and South America. Located in the Southern Hemisphere, Riviera has a summer
season from December to February. During that time of the year, the wastewater
treatment facility is unable to handle the burden the large influx in the population puts on
the system. As a result, the quality of the
of 60 mg/L, or more than 80% of
removal, whichever is the higher limit.
Official figures show that Riviera's
population increases from an average of
40,000 people in the winter to 80,000
people in the summer. A more realistic
future maximum is 120,000 people.
The wastewater system collects
sewage from houses, apartments and
commercial areas within the Riviera
resort. The sewage is then conveyed to
the wastewater treatment plant, which is l
effluent cannot meet the regulatory BOD level
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Figure 1-1: Map of Brazil
(Source: http://www.cia.gov/cia/publications/factbook/br.html)
ocated in the middle of a wooded area about a
mile away from the core of the resort. There are, in total, three pumps for pumping the
wastewater to the wastewater treatment plant. Depending on the volume of the inflow to
the pumping station, the three pumps are put online or offline for operation. Prior to the
CEPT upgrade, wastewater was first treated in one anaerobic lagoon after passing
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through preliminary screening. The anaerobic lagoon serves to digest organic material
with a high level of solids. The effluent from the anaerobic lagoon was then discharged
to three facultative lagoons arranged in parallel, which contain aerobic, anaerobic, and
facultative bacteria which further decompose the organic wastes (Metcalf & Eddy, 1991).
After disinfecting with chlorine, the treated wastewater is discharged into the Itapanhau
River, at a point a few hundred meters downstream of the intake of the Riviera drinking
water treatment plant.
During the off-peak season, the average daily flow is 2,000 m3/day and the BOD
loading is 300 kg/day. These numbers increase four-fold during the peak season to an
average daily flow of 8,000 m3/day. The design parameters of the existing lagoons are as
follows:
> Volume of Anaerobic Lagoon: 315 m3
> Volume of the Three Facultative Lagoons: 630 m3 each
> Total Lagoon Area: 45,000 m2
Figure 1-2: Anaerobic Lagoon Figure 1-3: Facultative Lagoon #1
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1.3 Upgraded Facility and Process at Riviera de Sio Lourengo
The upgraded CEPT facility is expected to provide major improvements in the
removal efficiency of the treatment plant. It is designed to handle an average daily flow
of 8,000 m3/day with a maximum of 26,400 m3/day. Shown in Figure 1-4 is the
schematic of the upgrade system at Riviera.
Influent
Metal
Salt
Dosing
Polymer
Dosing
Figure 1-4: Schematic of the Upgraded Riviera System
The retrofit basically consists of the introduction of chemical storage tanks for the
coagulant and flocculant, dosing equipment, a flocculation chamber and two CEPT
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clarifiers. With the upgraded system, ferric salt I is added to the wastewater at the
pumping station and is being mixed as the wastewater travels for 2,840 meters to the
treatment plant. After passing through the preliminary screen, wastewater receives
polymer dosing and is thoroughly mixed in the two 23 meter-long flocculation chambers
arranged in parallel where flocs are formed. Flocculation is enhanced by air bubbling
installed along one side of each flocculation chamber. The air bubbling creates a helical
movement as the wastewater moves through the flocculation basins. The wastewater is
then discharged into the first CEPT clarifier where the flocs are allowed to settle out.
The design parameters of the each of the two CEPT clarifiers are stated below:
> Dimensions: 30m (length) x 6m (width) x 3.7m (depth)
> Average Flow: 97 liters/second (8,400 m3/day)
> Maximum Flow: 305 liters/second (26,400 m3/day)
> Detention Time: 1.8 hours
Figure 1-5: Polymer Dosing Figure 1-6: Flocculation
During the beginning stage of full-scale testing, ferric sulfate was used as coagulant. The plant switched
to ferric chloride in February 2000 since jar test results showed that ferric chloride would give better
removal efficiencies.
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Figure 1-7:Clarifier #1 and Sludge Scrapers Figure 1-8: Fully-filled Clanfier #1
At the bottom of each clarifier are two identical sludge wells arranged
side-by-side with dimensions as shown in Figure 1-9. The constantly moving mechanical
sludge scrapers continuously send sludge to the sludge wells where raw sludge is pumped
intermittently. After in-line mixing with lime solution to raise the pH to above 12 for
stabilization, the sludge is then pumped to the presently unused second CEPT clarifier for
temporary storage.
< 3m
600
3m5
2.45m 
_ ._ 15 im
Side view
To sludge
pumps \
Figure 1-9: Sludge Well
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Figure 1-10: Sludge Wells (Top View) Figure 1-11: Lime Dosing Tank
It is expected that in the second year of operation, the second clarifier will be used
for the CEPT process instead of as temporary sludge storage. Therefore, the plan for
future expansion of the plant is the construction of a plastic-lined sludge lagoon. The
sludge treatment system is also designed to handle the scum collected from the lagoons.
The stored sludge will be manipulated during off-season. The current plan for sludge
dewatering is the adoption of the MicrowedgeTM dewatering system. A more detailed
description of the MicrowedgeTM system will be discussed in Section 5.6.
The newly upgraded CEPT system at Riviera de Sio Lourengo was planned to be
in full service starting January 2000. A team of four MIT students together with Dr.
Harleman and Susan Murcott made a trip to Brazil in January to conduct field studies and
experiments in order to determine the efficiency of CEPT implementation and its
potential for further optimization. The four main areas of study include:
> Bench-Scale Testing of the Treatment Process - by Irene Yu
> Full-Scale Testing of the Treatment Process - Mike Bourke
15
> Lagoon Modeling and Data Management - by Gautam Narasimhan
> Biosolids Management - by Heidi Li
The focus of this thesis is biosolids management at Riviera wastewater treatment
plant. Riviera is interested in beneficially reusing the plant's biosolids in the local
community as fertilizer, with the possibility of selling it on the market. In the following
sections, the process of sludge handling at Riviera will be discussed. The result of the
sludge experiments will also be presented.
16
2 Introduction to Sludge and Biosolids
Biosolids are the residual materials from municipal wastewater treatment plants
that are organic in nature and may be suitable for recycling as a soil amendment. Sewage
sludge now refers to untreated primary and secondary organic solids from the wastewater
treatment process. This differentiates biosolids, which have received stabilization
treatment, from sewage sludge that cannot be beneficially recycled as soil amendments
(USEPA, 1999).
Until about 25 years ago, all sewage sludge or municipal wastewater sludge was
disposed of in landfills or incinerated. During the past two-and-a-half decades, this
practice has shifted to an emphasis on recycling sludge, the end product of the
wastewater treatment process. Much of the organic matter, toxic organic chemicals, and
inorganic chemicals are removed from the treated wastewater and concentrated in the
sludge. However, the components and characteristics of sludge vary from one facility to
another depending on the wastestream and the types of processes used to treat the sludge.
When properly treated, sludge can become a valuable resource that has economically and
environmentally sound uses.
Properly treated and prepared biosolids can be used as fertilizer in so far as it
provides many of the nutrients necessary for plant growth such as nitrogen, potassium,
phosphorus, zinc and copper. The use of biosolids can improve soil fertility and increase
the nutrient-holding as well as water-holding capacity of the soil. Biosolids can also be
used as a soil amendment to decrease topsoil erosion.
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2.1 Characteristics of Sludge
Properties of sludge affects the efficiency of the collection, stabilization and the
dewatering process. In the following sections, the characteristics of sludge will be
discussed.
2.1.1 Specific Gravity and Volatility
The specific gravity of sludge is a function of the amount of grit or fine inert
particles in it. When good degritting is permitted, the specific gravity of sludge generally
ranges from 1.004 to 1.025 while the percentage of volatile solids ranges from 75% to
85% depending on the source (USEPA, 1987).
2.1.2 Particle Surface Charge
Sludge particles have a negative surface charge and tend to repel each other as
they are brought together. Furthermore, sludge particles attract water molecules to their
surface either by weak chemical bonding or by capillary action. Nevertheless, the water
molecules are only weakly held to the surface of the sludge particles. This characteristic
does impede dewatering.
Chemical conditioning is used to overcome the difficulties associated with the
surface charge and surface hydration. Some typical chemicals used are organic cationic
or anionic polymers, lime, and ferric chloride. They work by reducing or eliminating the
repulsive effect. As a result, particles are allowed to come together or flocculate and thus
water can readily be removed at a higher rate during the subsequent dewatering process.
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2.1.3 Particle Size
Particle size is considered an important factor affecting the ease of dewatering.
As the particle size decreases, the surface area and the surface-to-volume ratio increase.
With a large area, a greater repulsion between particles results due to the larger area of
negatively charged surface. It also means a greater attraction of water molecules to the
particle surface due to more sites for chemical joining.
Sludge source and prior treatment are factors affecting particle sizes. In general,
primary sludge has a larger average particle size than secondary sludge since it is
comprised of more inorganic and fibrous materials.
2.1.4 Ratio of Volatile Solids to Fixed Solids
Sludge tends to dewater better as the percentage of fixed solids increases. This is
the reason behind using lime as a sludge conditioner. Lime is primarily inorganic and
increases the fixed solids percentage of the sludge.
2.1.5 Sludge pH
Sludge pH has an effect on the surface charge of sludge particles. In general
anionic polymers are most effective when the sludge is lime-stabilized and has a high pH,
while cationic polymers work best when the pH is slightly above or below neutral.
2.2 Regulations on Biosolids Use in the United States
In 1993, the United States Environmental Protection Agency's (USEPA) set forth
the 40 CFR Part 503 Rule which provides information on the requirements regarding the
19
management of all biosolids generated during the process of municipal wastewater
treatment. The Part 503 Rule encourages the beneficial use of biosolids and, at the same
time, establishes strict standards on the quality of wastewater residuals that can be
applied as a soil amendment. Stated in the Part 503 Rule are the standards for pathogen
destruction and for levels of metals and some potentially harmful chemicals that can be
present in biosolids. It also provides information as to the basis of the legal and
legislative action concerning the use of biosolids.
The EPA has determined the permissible increases in soil and crop pollutant
levels as a result of biosolids application to land. The implementation of the Rule has
involved the expert assistance of United States Department of Agriculture. Listed below
are the general criteria stated in the Part 503 Rule to ensure human health and
environmental protection:
> Pathogen Reduction: Acceptable levels of potential disease-causing organisms in
biosolids
> Pollutant Limits: Limits for trace metals content and certain chemicals in biosolids
> Application Rates: Limit of biosolids loading rate for land application
> Vector Attraction Reduction: Acceptable reduction in level of attraction to vectors
such as rats, flies and insects
2.2.1 Requirement on Coliform Concentration
A pathogen or pathogenic agent is any biological species that can cause disease in
the host organism (primarily humans). These organisms fall into four broad categories:
viruses, bacteria, parasites, and fungi (USEPA, 1989). Among these categories, species
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commonly found in sewage sludge are fecal coliform, fecal streptococci, salmonella, and
ascaris (helminth). Coliform bacteria, especially fecal coliforms, are natural and
normally harmless microscopic inhabitants of the intestines of all warm-blooded animals
including humans (Girovicch, 1996). Coliform bacteria exist simultaneously with
pathogenic and other disease-causing organisms such as viruses and protozoa. They are
highly concentrated in wastewater and biosolids; they are also found in soil and on
vegetable matter. Their presence is considered as an "indicator" of contamination. Fecal
coliforms are the principal indicator organisms for evaluating microbiological
contamination in wastewater sludge and biosolids. Microorganism density in sludge is
defined by current regulations as the number of microorganisms per unit dry mass of total
solids and as the number of microorganisms per 100 ml in liquid sludge (USEPA, 1992).
The reason for these two definitions is that microorganisms in sludge are always
associated with the solids. When sludge is dewatered, the number per unit volume
changes significantly while the number per unit mass of solids remains almost constant.
According to the USEPA Part 503 Rule, biosolids applied to forest, agricultural
land or other reclamation sites must meet either the Class A or Class B pathogen
requirement.
2.2.1.1 Class A Biosolids
Class A biosolids meet the requirements which allow it to be sold or given away
in bags or containers for land application or applied in bulk to a lawn or home garden.
Class A biosolids are basically pathogen-free. As stated in the Part 503 Rule, the
pathogen limits of Class A biosolids are as follows:
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> Salmonella sp: Less than 3 MIPN 2 per 4 grams of total solids (dry weight)
> Enteric viruses: Less than 1 PFU 3 per 4 grams of total solids (dry weight)
> Viable helminth ova: Less than 1 per 4 grams of total solids (dry weight)
The USEPA has also established six technology-based treatment alternatives, one
of which must be applied for biosolids to be Class A with respect to pathogen levels. The
six alternatives are described below:
Alternative 1: Heat Treatment
Either the density of fecal coliform must be less than 1,000 MPN per gram of total solids
(dry weight) or the density of Salmonella sp bacteria must be below 3 MPN per 4 grams
of total solids (dry weight). In addition to this microorganism requirement, four time-
temperature regimes are established based on the percent of total solids and operating
parameters.
Alternative 2: Alkaline Treatment
The process requirement is that alkaline material (e.g. lime) must be added in sufficient
amount to produce a pH of 12 or above after two hours of contact.
Alternative 3: Other Processes
Comprehensive monitoring of bacteria, enteric viruses and viable helminth ova is
required. If the process has been proven to meet microbiological limits, monitoring
operating parameters can be used instead of microbiological monitoring (Forste, 1996).
Alternative 4: Unknown Processes
Similar to Alternative 3 but there is no option to substitute operational monitoring for
microbiological monitoring.
22
2 Most Probable Number
3 Plaque Forming Unit
Alternative 5: Use of PFRP
Use of one of the seven specific Processes to Further Reduce Pathogens (PFRP) listed in
Appendix B of the 503 Rules and comply with microbiological limits (Forste, 1996). The
seven processes include composting, heat drying, heat treatment, thermophillic aerobic
digestion, beta ray irradiation, gamma ray irradiation and pasteurization.
Alternative 6: Use of a Process Equivalent to PFRP
Use of any process determined by the EPA's Pathogen Equivalency Committee (PEC) to
be equivalent to a PFRP and compliance with microbiological limits.
In addition to the conditions stated above, it is required that pathogen reduction be
accomplished before or at the same time as vector attraction reduction, except for alkaline
treatment and heat drying. Moreover, certain microbiological limits must be monitored
to detect regrowth at the time of use or disposal, or when biosolids are prepared for sale
or give-away (Forste, 1996). For further details, please refer to the EPA's 40 CFR Part
503 Rule, Section 503.32.
2.2.1.2 Class B Biosolids
The Class B requirements apply to bulk biosolids that are applied to agricultural
land, a forest, or a reclamation site. Class B biosolids can also be applied to a surface
disposal site provided that biosolids are covered at the end of each operating day. Class B
biosolids have reduced pathogen levels and are subject to restrictions to prevent direct or
immediate contact with the public.
Class B requirements can be met using one of the three alternatives listed below.
The implicit purpose of all three alternatives is to ensure that pathogenic bacteria and
enteric viruses are adequately reduced in density.
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Alternative 1: Monitoring of Fecal Coliform
This alternative requires that seven samples of treated biosolids be collected at the time of
use or disposal and the geometric mean fecal coliform density must be less than 2 million
MPN or CFU per gram of total solids on dry weight basis.
Alternative 2: Use of PSRP
Biosolids must be treated in one of the five Processes to Significantly Reduce Pathogens
(PSRP) listed in Appendix B of the 503 Rules. These processes include aerobic
digestion, air drying, anaerobic digestion, composting, and lime stabilization. No
microbiological monitoring is required.
Alternative 3: Use of Processes Equivalent to PSRP
Use of any process determined by the EPA's Pathogen Equivalency Committee (PEC) to
be equivalent to a PSRP.
For further details, please refer to the EPA's 40 CFR Part 503 Rule, Section 503.32.
2.2.2 Metal Concentration and Loading Rate
Biosolids to be used in land application must meet either the pollutant
concentration limits or the amount of the pollutant applied to the land in the bulk
biosolids must not exceed a cumulative pollutant loading rate. Shown in the tables below
are the EPA standards on maximum pollutant concentrations of biosolids used as soil
amendment.
Table 2-1: Ceiling Concentrations of Pollutant in Biosolids
Pollutant Ceiling Concentration (mg/kg)*
Arsenic 75
Cadmium 85
Copper 4300
Lead 840
Mercury 57
Molybdenum 75
Nickel 420
Selenium 100
Zinc 7500
Dry Weight Basis
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Table 2-2: Annual Pollutant Loading Rates
Annual Pollutant Loading Rate
Pollutant (kg/hectare/365 day period)
Arsenic 2.0
Cadmium 1.9
Copper 75
Lead 15
Mercury 0.85
Nickel 21
Selenium 5.0
Zinc 140
For more information about the regulatory level of loading rates and average
concentrations, please refer to Appendix A.
2.3 Regulations on Biosolids Use in Brazil
In August 1999, the Sio Paulo State Environmental Agency, CETESB, published
the "Use of Sludge from Biological Treatment Systems in Agricultural Areas - Criteria
for Design and Preparation (Technical Manual)". The content of this regulation was
adopted mostly from the USEPA CFR 40 Part 503 Rule with the difference in the use of
the term "sludge" instead of "biosolids". Sludge is classified into Class A and Class B as
in the Part 503 Rule, with the same pathogen and vector reduction requirements. Class B
sludge only has to meet the fecal coliforms requirement while Class A sludge has to meet
both fecal coliforms and Salmonella requirements. This is slightly different from the Part
503 Rule as its Class A biosolids only has to comply either with the fecal coliforms or the
Salmonella limit (personal communication with Ricardo Tsukamoto).
According to this Brazilian regulation mentioned above, the following parameters
must be reported when sludge is used in agricultural areas:
(1) Organic Carbon (2) Phosphate
(3) Nitrogen in form of Ammonia (4) Nitrogen in form of Nitrite/Nitrate
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(5) Total Nitrogen (6) pH
(7) Potassium (8) Sodium
(9) Moisture Content (10) Volatile Solids
(11) Arsenic (12) Cadmium
(13) Lead (14) Copper
(15) Chromium (16) Mercury
(17) Molybdenum (18) Nickel
(19) Selemium (20) Zinc
Maximum metal concentrations have also been established for the sludge used for
agricultural purposes. The limits are basically the same as those stated in the USEPA 40
CFR Part 503 Rule, as shown in Table 2-1 in the previous section.
The proposed plan at Riviera is to apply the biosolids produced from the
wastewater treatment process as fertilizer in a pilot study. Approval from the CETESB
must be obtained before any pilot study can be conducted.
2.3.1 Ocean Disposal of Sewage Sludge in Brazil
Although Brazil does not have environmental regulations that are as well
developed as those of the United States, there are some controls regarding the sludge and
solids disposal. Ocean outfall disposal is one of the most often used sewage and sludge
disposal methods in Brazil. Brazilian federal regulations allow ocean disposal of sewage
and sludge, according to certain water quality criteria and specific standards. It is
required that submarine outfalls be studied by means of an Environmental Impact
Assessment (EIA), and that a report on the impacts be produced (Jordao and Leitao,
1990). In order to obtain approval for a proposed disposal, the EIA report must
demonstrate that the surrounding environment will be protected from possible
impairment resulting from the ocean disposal. It must also show that the quality of
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beneficial uses, such as fishing, navigation, recreational activities, and propagation of
marine life will not be degraded.
In accordance with the 1986 reviewed Water Quality Criteria and Standards
issued by the Brazilian federal agency IBAMA, Institu to Brasileiro do Meio Ambiente e
dos Recursos Naturais Renovaveis, receiving waters are classified according to their
beneficial uses: inland, marine, and brackish waters. For marine waters, in which
swimmers will have contact with pathogenic organisms that might be present in the
seawater, the quality of the effluent must meet the requirements on bacterial content,
aesthetic consideration and the effects on marine ecology. Table 2-3 shows the bacterial
standards on bathing water.
Table 2-3: Brazilian Pathogenic Requirement on Bathing Water *
Classification Total Coliform (MPN/100ml) Fecal Coliform (MPN/100m)
Excellent 1250 250
Very Good 2500 500
Satisfactory 5000 1000
80% of the time, no visual evidence of sewage pollution. (Jordao and Leitao, 1990)
When establishing this standard, the IBAMA took into account not only the
public health factors, but also cultural and economic considerations. As stated in the
federal criteria, indicators for assessment of possible aesthetic impairment of saline
waters include floating particulates, oil and grease and substances producing undesirable
deposits. It is stated that such parameters must be "virtually absent", in practical terms
meaning "not visible" (Jordao and Leitao, 1990).
In developing countries such as Brazil, when designing solutions for sewage
treatment and disposal, factors to be considered include not only the environmental
impacts and the regulatory requirements, but also the cost-effectiveness and methods
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required to operate the system. The disposal of wastewater end-products, including both
effluent and sludge, to the properly designed and monitored ocean outfalls, take
advantage of the natural diluting and assimilating power of the ocean body. Although
this method of sewage disposal has been controversial due to the fact that it may cause
degradation to the natural marine environment, it is a promising alternative for countries
with limited financial resources.
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3 Common Methods of Sludge Treatment
3.1 Sludge Conditioning
Conditioning prior to dewatering involves the chemical and/or physical treatment
of sludge to enhance water removal and improve solids capture. Two commonly used
sludge conditioning methods are chemical addition and heat treatment. Other sludge
conditioning methods include freezing-thawing, sludge acidification, solvent extraction
and irradiation. Discussed below are the two most commonly used methods.
3.1.1 Chemical Conditioning
Addition of conditioning chemicals can reduce the raw sludge moisture content
from 90-99 % to 65-85 %, depending on the nature of the incoming sludge. Conditioning
agents include ferric chloride, lime, alum and polymer. The result of conditioning is
coagulation of the solids in the sludge and the release of absorbed water. The dry solids
content in the mixture may also increase. Polymers do not significantly increase the dry
solids content but iron salts and lime can increase the content by 20% to 30% (Balmer,
1994). In general, thickening properties of sludge are excellent when lime is used as a
precipitant. However, in some cases, an opposite problem has arisen: the limed sludge
thickens so well that it is difficult to pump it out from the settler sludge pits and from the
thickeners (Balmer, 1994).
Intimate admixing of sludge and polymer is very important in order to obtain
proper conditioning result. The mixing should be just strong enough to ensure sufficient
contact of the chemical and sludge, but not too vigorous to break the floc after it is
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formed. Mixing requirement vary depending on the dewatering method used afterward.
However, it is generally desirable to provide at least two locations for chemical addition.
3.1.2 Heat Treatment
Heat treatment is both a conditioning and a stabilization process. It involves
heating of the sludge for a short period of time under pressure. Heat treatment renders
the solids capable of being dewatered without the addition of chemicals. The thermal
activity of the process releases the bound water in the solids, resulting in the coagulation
of the solids. As the proteinaceous materials in the solids are hydrolyzed, cell destruction
and release of organic compounds and ammonia nitrogen occur. Bacteria are killed and a
stabilized sludge can be produced.
The advantages of heat treatment are the high solids content of the dewatered
sludge, the destruction of most pathogenic organisms and the insensitivity of the process
to the changes in sludge composition. However, a high capital cost is associated with
heat treatment due to the complex mechanical components and the use of corrosion
resistant materials. Another problem is that a significant amount of odorous gases is
produced from the process. In addition, a carefully designed and operated monitoring
and maintenance program is required because of the nature of the process.
3.2 Stabilization Process
Prior to dewatering and disposal, sludge has to be stabilized to reduce pathogens,
eliminate any offensive odors and to inhibit the potential of putrefaction (Tchobanoglous,
1979). The success of the stabilization process depends on its effect on the volatile or
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organic fraction of the sludge. Growth of pathogen, release of odors and putrefaction
occurs when bacteria in the sludge have access to the organic fraction of the sludge.
Some common technologies for sludge stabilization are anaerobic digestion, aerobic
digestion, heat treatment, lime addition and composting.
3.2.1 Anaerobic Sludge Digestion
Anaerobic sludge digestion is one of the oldest methods of biological wastewater
treatment. The process has been improved over the last century. Nowadays, anaerobic
sludge digestion continues to be the dominant sludge stabilization process. The primary
purpose of anaerobic digestion of sludge is to convert bulky and odorous raw sludge to a
material that can be readily dewatered without the production of noxious odors.
Anaerobic digestion involves the decomposition of both organics and inorganics
in the absence of molecular oxygen. First of all, organic material in the primarily settled
sludge is digested biologically, in an airtight reactor that provides anaerobic environment
for the reaction. The first step of the process is the enzyme-mediated transformation of
higher-molecular-mass compounds into compounds that are suitable for the use as a
source of energy. The compounds resulting from the first step will then be converted
bacterially into identifiable intermediates with lower molecular mass. The last stage is
the bacterial (methanogenic) conversion of the intermediates into even simpler end
products, mainly methane (CH4) and carbon dioxide (C0 2). Anaerobically digested
sludge is a thick slurry of dark-colored particles, with reduced organic and pathogen
content. Depending on the mode of operation, the solids content of digested sludge
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ranges from 6% to 12% with 30% to 60% of volatile solids. Expressed below is a simple
balanced equation for the conversion of glucose to carbon dioxide and methane.
C6H1206 -+ 3CO2+ 3CH 4
The main disadvantage of anaerobic digestion is the slow growth rate of
methanogenic bacteria leading to a long detention time of sludge in the digester.
However, the low growth rate means that only a very small portion of the degradable
organic water is synthesized into new cells. Moreover, most of the organic content is
converted into methane gas that is a combustible and useful end product. With proper
design, the methane gas produced in the process can be used to generate electricity or
building heat to partially support the wastewater treatment plant.
3.2.2 Aerobic Sludge Digestion
Aerobic digestion is used almost exclusively in plants without primary clarifiers.
Similar to the activated sludge process, the principle of aerobic digestion is that as the
supply of substrate in the sludge is depleted, the microorganisms consume their own
protoplasm for energy for cell maintenance. The overall reaction of aerobic digestion is
represented by the following equation:
C5H7N0 2 + 702 -+ 5CO2+ N0 3~+ 3H20 + H*
Aerobically digested sludge is odorless and biologically stable: it also has higher
fertilizer value than anaerobically digested sludge. Compared to anaerobic digestion, the
operation of aerobic digestion is quite simple and the capital cost is low. However, there
are several disadvantages associated with aerobic digestion. There is a high operational
cost due to the need of continuous supply of oxygen and the process is significantly
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affected by temperature and the type of tank material used. Moreover, the digested
sludge is very difficult to be thickened and dewatered due to the bulky nature of the over-
aerated sludge.
3.2.3 Heat Treatment
As mentioned previously in Section 3.1.2, heat treatment is classified as both
conditioning and stabilization process. Under the high temperature and pressure, the
pathogenic organisms in the sludge are destroyed, leaving behind a stabilized product for
further processing and disposal
3.2.4 Lime Stabilization
The principle of lime stabilization is to create an environment that is so basic that
the microorganisms in the sludge cannot survive. In the process, lime is added to
untreated sludge in either hydrated form, Ca(OH)2, or quicklime, CaO. Vegetative
bacterial cells, including cofiforms, can be destroyed rapidly at pH level above 9 to 10.
However, such destruction in sludge is hindered by slow penetration of lime into
aggregates. According to Strauch and Berg, pH should be raised to above 11.5 in order
to obtain a reliable destruction. Virus destruction is not only caused by the direct effect
of high pH values, but also by the release of free ammonia at pH values around 12.
Therefore, the amount added should be sufficient enough to raise the pH to 12 at least
after 2 hours of contact and maintain it at about that level for some days or at least until it
is incorporated in the soil. If the pH can be maintained at this level, the sludge will not
putrefy, emit odors or pose any health hazard. The main effect of the high pH is to
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suppress the emission of volatile sulfides and fatty acids; emission of amine and
ammonia. (Bruce and Fisher, 1984). Overall, the sludge becomes considerably less
offensive in odor, however, certainly not odorless. Lime can either be added to sludge
prior or after dewatering. The former is called lime pre-treatment while the latter lime
post-treatment.
3.2.4.1 Lime Pre-Treatment
For lime pre-treatment, sufficient time must be allowed for contact before
dewatering so that the pathogen can be killed. The minimum criteria established by the
EPA are to maintain pH level above 12 for two hours to ensure pathogen destruction.
The lime should also be able to provide sufficient residual alkalinity to prevent the pH
from dropping below 11 for a few days. Listed below in Table 2-4 are some typical
dosages for lime pre-treatment.
Table 2-4: Typical Lime Dosages for Stabilizing Raw Sludge
Lime Dosage
Type of Sludge % Solids (lb Ca(OH)2/lb dry solids)
Primary 3-6 120-340
Waste Activated 1-1.5 420-860
Aerobically Digested 6-7 280-500
Septage 1-4.5 180-1020
(Tchobanoglous, 1979)
Testing should be performed to determine the actual dosage required so that
complete stabilization can be ensured. It is very important since lime does not destroy
the organics necessary for bacterial growth.
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3.2.4.2 Lime Post-Treatment
Post-treatment of wastewater treatment sludge using lime is a relatively recent
development compared to pre-treatment. Lime is mixed with dewatered sludge to raise
the pH of the mixture. In this case, quicklime (CaO) is preferred because of its
exothermic reaction with water. The temperature of the mixture can be raised to above
120*F, at which worm eggs will be inactivated. Lime post-treatment has a several
advantages over pre-treatment stabilization. One of them is that dry lime can be used,
meaning that no additional water is added to the sludge. Moreover, scaling problems of
lime sludge dewatering equipment can be eliminated. However, a more sophisticated and
more expensive system consisting of mixers and conveyors is involved.
3.2.5 Composting
With the increased attention to environmental protection, composting has
experienced accelerated development since the mid-1970. It has been considered a cost-
effective and environmental-friendly alternate for stabilization and disposal of
wastewater sludge due to the shortage of available sites of landfill.
The objectives of sludge composting are to biologically stabilize organics, destroy
pathogenic organisms and to reduce the volume of the sludge. In a properly operated
composting process, approximately 20% to 30% of the volatile solids are converted to
carbon dioxide and water. For optimal results, the compost should be heated to 120*F to
160*F for pasteurization and destruction of pathogenic organisms. The finished compost,
although too low in nutrient content to be used as fertilizers, is an excellent soil
conditioner for agricultural and horticultural applications. Even though composting can
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be achieved under both aerobic and anaerobic conditions, anaerobic composting is less
preferable than aerobic composting due to its higher odor potential and slower rate of
decomposition. The daily production of sludge of the wastewater treatment plant has a
significant effect on the suitability of composting, because of the amount of land required
for the composting facility.
3.3 Sludge Dewatering
Dewatering is the process of separating liquids from solids in sludge or slurries.
Efficient dewatering must remove as much liquid as possible in order to concentrate the
solids for easy and low-cost disposal. There are several commonly used methods for
dewatering sludge. They vary in terms of complexity of the process, efficiency, space
needed for the equipment, characteristics of the final products, and capital and
operational costs. In sludge dewatering, the three primary factors being considered are
the dry solids in the sludge cake, solids recovery and the consumption of the conditioning
chemicals. A 90% or above solids recovery can generally be obtained with proper
chemical conditioning. As water is removed from sludge in the dewatering process, the
volume of sludge is greatly reduced. The efficiency of the dewatering process has a great
impact on sludge transportation and disposal cost. When sludge is concentrated from 2%
solids to 20% solids, the volume is reduced by 90%. Dewatering methods can be
categorized into natural or mechanical methods. Natural methods include sludge lagoon,
sand drying bed and Wedgewater drying system whereas mechanical methods includes
vacuum filter, belt filter press and centrifuge.
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3.3.1 Sand Drying Beds
Sludge dewatering using sand beds is simple and cheap. It is the oldest technique
for drying sludge and is widely used in the United States. The advantages of sand drying
beds are the low capital cost, small amount of operator attention and skills required, low
energy consumption, and the high solids content of the final products. Under favorable
conditions, sand beds can produce sludge with quality comparable to mechanical
dewatering methods. However, this method is restricted to digested or stabilized sludge
since raw sludge is odorous and attracts insects. It also requires long detention times,
large areas of land and consideration of climatic effects. The amount and rate of
precipitation, radiation, temperature, humidity, and wind velocity all pose great effects on
the process.
Dewatering with sand drying beds uses gravity drainage, capillary action drawing
water through the sand and evaporation of water form the surface. A typical sand drying
bed consists of a 10 to 30 cm layer of sand laid over a 20 to 50 cm layer of gravel. The
water percolates through the gravel with the finer particles in the liquid sludge being
filtered out by the sand on top. Filtrate collected by the underdrain pipes is usually
returned to the head of the treatment plant. Dewatered sludge can be collected
periodically by means of labor or mechanical system.
3.3.2 Wedgewater Filter Beds
The Wedgewater filter bed system, essentially made up of fine wire screen mesh,
was originally developed in England in 1970. The beds were first built with stainless
steel medium and then polyurethane after the later development. The self-supporting
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polyurethane units are molded with interlocking dovetails for easy installation and
replacement. The principle of the Wedgewater system is similar to that of the sand
drying bed, but with the capillary action created to drain the water more quickly. It also
has a much greater loading capacity than conventional sand drying beds. However, in the
case of Wedgewater filter beds, polymer conditioning is necessary for most sludges and
desirable for all. Without conditioning, the fines may penetrate the media and either be
lost with the filtrate or accumulate in the drainage plenum (USEPA, 1987). Typically,
Wedwater system treated sludge cake can have an 8% to 12% solids content after 24
hours of dewatering and is quite handleable. The production of a drier sludge would
require more time on the bed, or the removal of a stockpile area for evaporative drying.
Under favorable environment, solids content can reach as high as 20% in 3 to 4 days.
3.3.3 Sludge Lagoons
Drying lagoons can be an alternate for drying beds for dewatered, digested sludge.
They are not suitable for untreated sludge or lime-stabilized sludge because of the
potential problems of odor and nuisance. Similar to sand drying bed, the performance of
sludge lagoon is great influenced by climate. It works best if the climate is dry and hot
and if land is available. It has been reported that sludge can dry from 5% solids to 45%
solids in 2 to 3 years. However, it poses a potential for groundwater pollution,
threatening water supply. Due to the mentioned environmental problems coupled with
the unpleasant appearance of facility, sludge lagoons have become an increasingly
unpopular choice of sludge dewatering.
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3.3.4 Filter Presses
Belt filter presses are used in small and medium-sized plants to dewater
sludge that is chemically conditioned with polymer. In most types of belt filter presses,
sludge is continuously introduced on a gravity drainage section where a majority of free
water is removed by gravity. Next, pressure is applied to squeeze out the water in the
sludge between opposing porous cloth belts. The sludge is then further subjected to
shearing forces as the belts pass through a series of rollers.
A typical vacuum filter consists of a horizontal cylindrical drum that rotates
partially submerged in a vat of conditioned sludge. As the drum rotates, filtrate is
channeled away from the drum under the atmospheric pressure created by the vacuum
through the porous medium covering the drum.
Sludge cakes produced by belt filter presses and vacuum filters can have solids
content as high as 30% to 50%. Vacuum filters were widely used in the past, but their
use has declined greatly in the last decades due the development of better alternatives. In
general, vacuum filters are costly to operate due to high-energy consumption and time-
consuming procedures for start-up and shut down. Continuous operator attention is also
required for the process. On the other hand, belt filter presses require lower capital and
operating costs due to lower energy consumption and less complex mechanical
arrangement. However, the process is very sensitive to the characteristics of incoming
sludge feed.
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3.3.5 Centrifuges
Centrifuges are very effective in dewatering sludge to a highly concentrated cake.
They are usually used in large plants due to the high-capacity nature of the machines.
However, the operating cost is very expensive due to the need of skilled maintenance
personnel and the high power cost associated with the operation of the process. The
rotational force developed by spinning a bowl, disc or basket is the driving force to
separate the sludge solids form the liquids. Among all the centrifugal devices, solid bowl
centrifuge is the most widely used for dewatering sludge. Sludge is constantly fed into a
rotating bowl where it is separated into a dense sludge cake and a dilute stream called
"centrate" which is returned to the wastewater treatment head. Solids concentration of
the centrifuged sludge can reach as high as 35 % in a matter of minutes (Outwater, 1994).
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4 Common Methods of Sludge Disposal and Biosolids Reuse
The two major conflicting concerns regarding sludge disposal are economics and
environmental impacts. In the selection of disposal alternatives, reliability is the primary
concern since the ease of operation and uninterrupted operation are of great importance
(Vesilind, 1986). There are various alternatives for sludge disposal and they are being
discussed in the following sections.
4.1 Landfilling
If a suitable site is convenient, a sanitary landfill can be used for disposal of
sludge, grease, grit, and other solids. It may be required that the sludge be stabilized
prior to placement into a landfill, depending on the state and local regulations.
Dewatering of sludge is always required to reduce the volume for transportation and to
control the generation of leachate from the landfill. With daily coverage of the newly
deposited sludge, nuisance conditions such as odor and vectors can be minimized
(Tchobanoglous and Burton, 1991). Although landfilling has been the most commonly
used method of sludge disposal, its future is in doubt, as it is becoming more unfavorable
due to the potential contamination of groundwater by the leachate. Moreover, available
land for constructing landfill sites also becomes increasing scarce.
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4.2 Application of on Forest and Agricultural Land
4.2.1 Surface Application
Biosolids can be placed directly on forest or agricultural land where it is a source
of nutrients for the crops. It also acts as a soil conditioner. In most cases, the biosolids
application rate is governed by the rate of nitrogen uptake by the crop in order to prevent
nitrate contamination of groundwater. In other situations, the regulatory loading rate of
metals will limit the amount of biosolids applied (Vesilind, 1980). This method is
relatively simple and most private farmers can apply biosolids on their lands with their
own conventional manure spreading equipment. However, it may cause health concerns
where the biosolids applied comes into contact with the public.
4.2.2 Subsurface Injection
Biosolids can be injected below the soil surface by using injection shanks. The
major advantages of sludge injection include minimization of potential odors and vector
attraction, minimization of ammonia loss due to volatilization, elimination of surface
runoff, and minimization of public contact. Subsurface biosolids injection generally has
better acceptance than surface application.
4.3 Landspreading on Reclaimed Land
Sludge can be spread on dedicated plots of ground for the sole purpose of using
the soil microorganisms to assimilate the sludge solids. Since reclaimed land is generally
not of high economic value, sludge can be placed with less concern of potential for health
problems or environmental degradation (Vesilind, 1980).
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4.4 Ocean Disposal
For municipalities close enough to a large body of water, such as a gulf or ocean,
ocean disposal of sludge can be a possible alternative. However, this method of disposal
has been becoming less and less favorable due to its potential of degradation of marine
life and habitats.
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5 Sludge Treatment at Riviera
5.1 Handling of Sludge with the Pre-Existing Lagoon System
Prior to the CEPT upgrade, wastewater at Riviera was treated in the anaerobic
lagoon and the three facultative lagoons. Sludge settled and accumulated in the bottom
of the lagoons and has not been removed since the plant started operation approximately
ten years ago. Based on the plant record from 1998 to 1999, the yearly average BOD
removal rate of the overall plant prior to the upgrade was only about 47%, which is quite
inefficient. The plant did not keep record of TSS, but it could be assumed the TSS
removal rate would be low as well. The amount of sludge produced was considered to be
insignificant compared to the size of the lagoons. Therefore, the need of sludge
measurement and sludge recovery from the lagoons had never been addressed by the
plant's operators. However, if the sludge were to occupy a significant volume of the
lagoons, the efficiency of the lagoons would drop drastically due to the decrease in
residence time and short circuiting in the lagoons.
5.1.1 Sludge in the Anaerobic Lagoon
Shown below are the measurements of sludge depth in the anaerobic lagoon at the
Riviera wastewater treatment plant, on January 8, 2000, when the upgraded CEPT system
had not yet been put into operation.
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12
3
4
5
6
7
Effluent
2.6 2.8 2.7 2.8 2.9
(0.6) (0.4) (0.5) (0.4) (0.3)
3.1 3.0 2.9 2.8 2.8
(0.1) (0.2) (0.3) (0.4) (0.4)
2.8 2.8 2.8 2.8 2.8
(0.4) (0.4) (0.4) (0.4) (0.4)
2.7 2.8 2.9 2.8 2.9
(0.5) (0.4) (0.3) (0.4) (0.3)
2.2 2.7 2.8 2.9 2.8
(1.0) (0.5) (0.4) (0.3) (0.4)
2.6 2.9 2.7 3.1 3.0
(0.6) (0.3) (0.5) (0.1) (0.2)
2.1 2.4 2.4 2.7 2.7
(1.1) (0.85) (0.8) (0.5) (0.5)
A B C D E
Influent Influent
Figure 5-1: Sludge Depth Distribution in the Anaerobic Lagoon (in meters)
Given that the depth of the anaerobic lagoon is 3.2 meters, the number
shown at the top of each box in Figure 5-1 represents the water column depth in meters
measured from the water surface. The number at the bottom of each box, in parentheses,
represents the height of sludge. The mean depth of the sludge in the anaerobic lagoon is
estimated to be 0.44 meter.
Because the MIT team had not made plans to measure sludge depth in the
lagoons, the method used to measure the depth of the sludge was low-tech. First, the
lagoon was divided into a 7 x 5 grid using a simple marking system consisting of fishing
line and rocks placed on the edge of the lagoon. The lagoon was split up into 35 sections
of roughly equal size. One measurement was taken approximately at the middle of each
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section. The inlets of the wastewater were located at the bottom end while the outlets
leading to the facultative lagoons at the top end. The measuring equipment was basically
an appropriately weighed stone tied securely to a piece of fishing line. Two members of
the Riviera facility maintenance staff performed the measurement. One of the
maintenance staff maneuvered the boat while the other one dropped the stone into the
lagoon until it hit the sludge blanket. The length of the retrieved segment was then
measured. The difference between the depth of the lagoon and the length of the retrieved
segment represents the depth of the sludge in that particular section.
The values of the sludge depth in the lagoons can only be considered rough
estimates. Due to lack of appropriate equipment, accurate measurements were
impossible to obtain. First of all, it was very difficult to stabilize the boat in the lagoon.
This, in turn, made it very challenging to obtain accurate measurements of the depth of
the sludge. The way in which the measurements were taken involved a great deal of
human judgement. That included the decision of where to stop the boat for the
measurement of each section and when was the moment when the stone hit the top of the
sludge blanket. The process in dividing the lagoon into 35 sections also involved a
certain level of uncertainty. Due to the lack of accurate measuring devices, the size of
each grid section was not likely to be the same. Mentioned above was that grid lines
were marked using fishing line and stone. A piece of fishing line was pulled across the
entire width of the lagoon to indicate the grid row where measurements were being taken.
The fishing line was then advanced to the next stone mark placed on the sides of the
lagoon manually as the measurement of that row was finished. How tight the fishing line
was pulled affected greatly the position of the grid line. The sludge depth results would
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be very much different if a different group of people were to make the measurements.
Therefore, the sludge depth data obtained should only be used as general picture of
sludge depth at Riviera.
5.1.2 Sludge in the Facultative Lagoons
Shown below were the measurements of sludge depth in facultative lagoon #2 at
the Riviera wastewater treatment plant. The measurements were taken on January 18,
2000. Although the depths were taken after the CEPT system was run for a few days, it
is assumed that the sludge resulting from the CEPT process had not yet reached the
facultative lagoons, since the detention time in the anaerobic lagoon is about 2.5 days and
that in the facultative lagoons is about 8 days, based on the assumption that the flow is
8,400 m3/day.
1
2
3
A B C
Figure 5-2: Sludge Depth Distribution in Facultative Lagoon #2 (in meters)
Using the same method as before, the number shown at the top represents the
water column depth to the sludge, measuring from the surface, while the number at the
bottom in parentheses is the height of sludge. The height of the sludge was calculated
with the assumption of a uniform depth of the facultative lagoon being 3.5 meter. The
mean depth of the sludge is estimated to be 1.84 meter. Again, the values of the sludge
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depth can only be considered rough estimates due to the lack of accurate measuring
device and the setup of the measuring system.
5.2 Handling of Sludge with the CEPT System
After mixing and flocculating in the flocculation chamber, the CEPT-treated
wastewater with added ferric salt and polymer settles in the clarifier. Sludge collected in
the sludge wells at the bottom of the clarifier is pumped to a lime-dosing tank where 10%
lime solution is added to the raw sludge for stabilization. The stabilized sludge is then
stored temporarily in the second clarifier that lies side-by-side with the first one. The
plant's future plan for sludge dewatering is the construction of a dewatering tank
equipped with the MicrowedgeTM system. For sludge disposal, the plant is now proposing
a strategy of land application of biosolids in the Riviera community. The details of
sludge handling at Riviera are being discussed in the following sections.
5.2.1 Flow Data
The cost of sludge handling is always one of the major operating expenses of
wastewater treatment plants. Therefore, the volume of sludge produced is a very
important operating factor. The amount of flow that the plant handles and the amount of
suspended soilds in the influent and effluent are directly related to sludge production.
This is because sludge consists essentially of the suspended solids removed from the
influent. In the following sections, the amount of sludge production at Riviera will be
estimated using the two different models developed for CEPT. According to the Riviera
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plant's record from 1997-1998, the averaged influent and effluent during peak (December
to February) and off-peak period are as follows:
Table 5-1: Average Flow at Riviera over the Past Two Years (1997 & 1998)
Peak Period Off-Peak Period
Influent (m3/day) 4,340 2,100
Effluent (m3/day) 5,380 2,560
It should be noted that for both the peak and off-peak period, the effluent flow is
greater than the influent flow. The recorded effluent is 21% larger than the influent
during the off-peak period and 24% during the peak period, which is the rainy season in
Brazil. One of the explanations for such increase is the fact that the effect of rainfall on
the open lagoons is not taken into account. A certain degree of discrepancy in the data is
also expected. When reviewing the data record obtained from the plant, one can notice
the data set is not complete and there is much fluctuation in the measurements. There are
periods for which data is missing and on some dates, the entry is a hundred times more or
less than the preceding or proceeding ones. Such entries are excluded from the data set
used to calculate the averaged daily flow. Due to the incompleteness of the record, the
calculated average daily flows can be considered to be approximate.
During the MIT team's field project at Riviera, the newly upgraded wastewater
treatment system was only running in the pre-pond CEPT mode for three non-consecutive
days due to the malfunction of the sludge scrapers. The pre-pond CEPT only ran for 12
hours on each of those three days. This was not long enough to flush out the clear water
introduced in the clarifier for testing the sludge scraper before it was put back online.
Therefore, the TSS and COD in influent and effluent results were dilute. The
calculations of sludge productions in the following sections are based on the data
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obtained from the plant after the full operation of the pre-pond CEPT system. During the
Carnival 2000 long weekend period (March 3 to 7), the pre-CEPT process was fully
operated for the entire period and the Riviera population at that time was about 56,000.
During this period, the operating parameters of the system were as following:
> Flow: 312 m 3/hour
> Ferric Chloride Dose: 50 mg/L
> Polymer Dose: 0.5 mg/L
Shown below in Table 6 are the removal efficiencies of the CEPT system.
Table 5-2: CEPT Removal Efficiency during March 3 to 7, 2000
Influent Effluent CEPT Effluent from Overall
(mg/L) from CEPT Removal Final Lagoon Remva
(mg/L) Rate (mg/L)
TSS 197 65 67% -
BOD 230 121 47% 34 5%
Total Phosphate 4.7 0.7 85% - 85 %
5.2.2 Sludge Production
The sludge production at a wastewater treatment plant depends on the
characteristics of the raw wastewater, the degree of treatment, the removal of TSS, the
degree of degradation of organics, and the addition of chemicals to the treatment process.
The daily average volume of sludge produced can be estimated from the flow, the
characteristics of the influent and the effluent. Discussed in this section is the estimation
of sludge production at Riviera using two different models, the first one proposed by
Murcott in 1992 and the second one by Odegaard and Karlsson in 1994.
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5.2.2.1 Murcott Equation
The equation developed by Murcott (1992) for CEPT sludge production is:
SP = Q - [ TSSrem+ F -Prem + K- Ce 10-3
where Sp = Dry weight of raw sludge produced (kg/d)
Q = Influent flow rate (m3/d)
TSSrem = Concentration of suspended solids settled / removed (mg/L)
F = stoichiometric factor; 1.42 for mono and trivalent metals, 2.84 for divalent
metals
Prem = Quantity of phosphors removed (mg/L)
K = constant (0.66 for FeCl 3 :% by weight of the salt precipitate out as Fe(OH)4)
C= concentration of metal salt added (mg/L)
This expression takes into account the total suspended solids removed from the
wastewater, the portion of metal salt that precipitate out (in this case, as Fe(OH)3) and the
precipitates formed in the removal of phosphorous. Using this expression, the daily dry
sludge production is estimated to be 1.3 tons4. Assuming that the % solids in the sludge
is about 2% (personal communication with Ricardo Tsukamoto), the daily wet sludge
production is estimated to be 66 tons and the volume of sludge produced 65 m3/day. For
more details of the calculation performed, please refer to Appendix B.
5.2.2.2 Odegaard and Karlsson Equation
The sludge production equation proposed by Odegaard and Karlsson (1994) is:
SP = SSin - SSOut + Ke-D
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4 Tonne is metric ton.
where SP is the sludge production (g SS/m 3flow)
SSin is the suspended solids in the influent (g/m 3)
SSout is the suspended solids in the effluent (g/m 3)
Kc is the laboratory-tested coefficient for specific type of coagulant (g SS/g Me*)
D is the dosage of coagulant (mg/L)
* Me - metal as Fe or Al
This equation proposes that the two main factors influencing sludge production
are the removal of suspended solids in the wastewater and the coagulant dosage. The
coagulant dependent coefficient, K, for ferric iron (Fem1) salt, is 3-5. This is a laboratory-
tested coefficient. The values were obtained from study of chemical wastewater
treatment plants in Norway using ferric iron salt and aluminum-based salt. Using the
mean ferric iron Ke-value of 4, the daily dry sludge production is estimated to be 2.5 tons.
Again, assuming that the % solids in the sludge to be 2%, the daily wet sludge production
is estimated to be 124 tons and the volume of sludge produced 124 m3/day.
5.2.2.3 Comparison of the Two Models
Shown below in Table 5-3 is a summary of the calculated sludge production using
the two models. The actual amount of sludge produced at Riviera is not measured, since
the plant is still in its initial phase of operation and not every aspect of the process has
been well established. However, the plant does have plans measure the actual amount of
sludge produced in the future5 .
5 According to the plant's report, the stabilized sludge has reached the surface of Clarifier #2 in the
beginning of May, 2000, approximately one-and-a-half month after the operation of CEPT. The volume of
the sludge produced is estimated to be 300 m3 . However, this is only a very rough approximation.
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Table 5-3: Comparison of the calculated and measured sludge production
Dry Sludge Production (tonne/day)
Model and Coefficient From TSS From From Phosphorus Total
Removal Coagulant Removal
Murcott 1.0 0.35 0.08 1.3
Odegaard & Karlsson (K= 3) 1.0 1.1 - 2.1
Odegaard & Karlsson (K= 4) 1.0 1.5 2.5
Odegaard & Karlsson (K= 5) 1.0 1.9 - 2.9
Although there is no actual measured data to compare with, the approach
proposed by Murcott is more scientifically sound. The coagulant constant, K, in the
equation represents the percentage of metal coagulant that would precipitate out. This
equation also takes into account the precipitate formed as a result of phosphorus removal
although it only accounts for about 6% of the total sludge production.
If the Odegaard and Karlsson model were to be used at Riviera for sludge
production estimation, a bench-scale study should be conducted to verify if the Kc-values
are suitable to be used at Riviera. Wastewater characteristics and treatment process
differs from country to country and from plant to plant. The Ke-values obtained by
Odegaard and Karlsson were based on experiments of wastewater treatment plants in
Norway which usually use high chemical dosages in order to optimize phosphorus
removal.
These two equations are also applied in the calculations of sludge production at
the Point Loma Wastewater Treatment Plant in San Diego, California. This treatment
plant started using the CEPT process about 15 years ago and is considered to have the
best-documented CEPT operation in the United States. A more detailed discussion is
presented in Section 7.
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5.3 Sludge Collection at Riviera
5.3.1 Current Operation of Sludge Pumps
Currently, the Riviera plant has a
limited degree of automation. Round-the-
Pumps
clock manual monitoring is required
whenever the CEPT system is running.
With the continuous scraping motion of
the sludge scrapers, sludge settling to the
bottom of the CEPT clarifier is constantly
gathered in the two sludge wells. A series
of sludge pumps, that are diaphragm Figure 5-3: Sludge Pumps
pneumatic pumps6 actuated by two reciprocating compressors, are turned on every 15
minutes to pump the sludge accumulated in the sludge wells to the lime-dosing tank. At
the exit of each pump there is a short section of clear plastic pipe, which enables the
operators to differentiate if the pumps are pumping sludge or water so that they can
decide when to stop the pumps. The plant has now adopted this low-tech method.
However, the plant has a plan of introducing an automatic system equipped with a Fish
Finder detector for the operation of sludge pumps in the coming year, when adequate
financial resource becomes available.
6 The model used is SandPIPER@ Flap Valve SA2-A Type 5 manufactured by Warren Rupp, Inc. in Ohio,
USA. According to the manufacturer, this model is capable of handling solids up to 2" in diameter and its
maximum capacity is 140 gallons per minute (530 liters per minute). Although it has never been used in
Brazil for such usage, the plant design engineer has decided to use exclusively diaphragm pump at Riviera
because of its versatility and its low risk of electric shocks even in damp environment. More information
about the SA2-A pumps can be obtained from http://www.warrenrupp.com/html/products/pdf/sa2a.pdf.
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5.3.2 Future Developments - Fish Finder
A fish finder is a sonar unit equipped with a speake'r, microphone and a
stopwatch. Originally, the fish finder was designed for people to locate fish when they
go fishing. The unit transmits a sound pulse and measures the time it takes for the echoes
to return from the pulse. When the wave strikes an underwater object such as fish or sea
bottom, part of the sound is reflected back toward the source. The sonar can then convert
the elapsed time for each echo into a distance based on the fact that the speed of sound in
water is about 4800 feet per second.
The Riviera plant design engineer plans to adopt a modified version of the fish
finder detector in the sludge well. One unit each will be installed at the top of each of the
sludge wells while another one will be installed at the mid-depth. The fish finder is able
to detect the interface of the wastewater and the sludge. A signal will be sent to turn on
the sludge pumps as the interface reaches the top of the well, and the pumps will be
stopped as the interface drops to the mid-depth. Since the flow rate at the Riviera
wastewater treatment is not constant, such real time sludge level information is crucial for
deciding when to drain the sludge in the wells. If the sludge is removed too fast, it will
not be given enough time for thickening. As a result, the rather watery sludge will
occupy more space and consume more lime than needed. On the other hand, if the sludge
is not removed fast enough, it will accumulate in the clarifier and result in a re-
suspension of sludge particles in the clarifier, contaminating the effluent to the lagoons
and thus, lowering the efficiency of the treatment.
Reports from Riviera after its full operation indicated that the plant operators had
problems in determining when to start and stop the sludge pumps. There was an incident
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when the pumps had not been turned on for a long period, until the sludge had already
started fermenting in the sludge wells. There was another incidence when the pumps
were left on for so long that they were actually pumping water with no settled solids from
the sludge wells. The operators were not looking at the transparent tube installed at the
exit of each pump as they were supposed to. The efficiency of the CEPT process was
significantly lowered as a result of these incidents. The installation of sonar detectors in
the sludge wells is necessary in order to obtain real time sludge level information and
thus, to ensure the efficiency of the operation.
5.4 Sludge Stabilization
5.4.1 Lime Dosage
After leaving the sludge well, the rather dilute sludge of about 2% solids is
pumped to the lime-dosing tank for lime addition. The dosing pump is turned on
simultaneously with the sludge pumps. Lime is added to the raw sludge in the form of
10% solution. The dosing rate set by the plant's consultant is at 15% of total solids in the
raw sludge with the aim to raise the pH to above 12. For example, 10 L of raw sludge
with 2% solids would require 0.3 L of 10% lime solution for stabilization.
Weight of TS in raw sludge = 10 L x 2% TS = 0.2 kg
Weight of lime required for a rate of 15% TS = 0.2 kg x 15% = 0.03 kg
Volume of 10% lime solution = 0.03 kg / 10% / 1kg/L = 0.3 L
In the above calculations, it is assumed that the specific gravities of both sludge
particles and lime particles are 1. The assumption is valid in this case. The purpose of
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lime addition is to raise the pH of the sludge to above 12 for stabilization. Only a rough
estimate of lime dosage is needed.
5.4.2 Continuous Dosing System ], II
The lime solution dosing pump is
adjusted so that it can be turned on
automatically whenever the sludge pumps
are operating. The dosage amount set in the
dosing pump should be updated daily or
weekly using the daily or weekly average of Figure 5-4: Lime Dosing
percent solids in raw sludge produced in the CEPT process. A calculation can be
demonstrated with the example used in the previous section, a raw sludge sample with
2% total solids. When the daily sludge production is at 70m 3/day, as in the example in
Section 5.2.2.1 using Murcott equation, the dosing rate of 10% lime solution should be
420IUday.
5.5 Sludge conditioning
As mentioned in the previous section, the addition of polymer into sludge during
the process of sludge conditioning can enhance the sludge's dewatering characteristics.
At Riviera, there is no sludge conditioning process currently in place, except for the
conditioning effect from lime that is added primarily for sludge stabilization. However, a
bench-scale testing of sludge conditioning was conducted using a locally available
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cationic polymer, W3207, which has high charge density and high molecular weight. A
series of jar tests were run using different dosages of the polymer. It was shown that
optimal flocculation and settling was obtained when 1 % solution of the polymer was
dosed at l0mg/L. The sludge collected from the sludge pumps was then tested and better
dewatering results were obtained. A detailed discussion of the results is presented in
Section 6.
5.6 Sludge Dewatering
5.6.1 Microwedge T M Sludge Dewatering System
___As mentioned in Section 3.3.2, the
first use of Wedgewater filter bed system
dated back to 1970 in England. A modified
12
version of the Wedgewater filter bed, the
Microwedge T M sludge dewatering system,
was developed by Roberts Environmental,
Inc., a division of the Roberts Filter Group.
- 2"
It is a 12-inch by 12-inch square block made
Figure 5-5: Microwedge TM Block
of biologically stable polyurethane as shown
in the diagram in Figure 5-5. Each block is cut into eight sections by four diagonal
supports. There are five across lateral struts in each section and they add up to forty for
each block. The interlocking design allows simple installation and unit replacement.
Dewatering tanks of different sizes and shapes can also be built easily. The manufacturer
7 The information sheet (in Portuguese) of W320 can be found in Appendix C.
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claims that under ideal condition, lime-stabilized sludge can be dewatered from solids
content of 9% to over 34% in 24 hours.8
5.6.2 Sludge Dewatering at Riviera
The Riviera's CEPT system is to be operated only during peak seasons, from
December to February each year. After the CEPT process is run, the sludge produced
will be stabilized, stored and dewatered then processed during the off-peak season.
Given that neither time nor land is a constraint, the Microwedge TM system is a promising
option for the sludge dewatering at Riviera. The process simply involves the transport of
the stabilized sludge from the storage tank to the dewatering tank. The capital and
operating cost associated with the Microwedge TM system is low. The system is very easy
to install and maintain. Very little skill is required to operate the process, making the
Microwedge an excellent sludge dewatering alternative for small communities in
developing countries, such as Riviera.
5.6.3 Testing Procedures
Since the characteristics of sludge
differ from plant to plant, depending on the
wastestream, type and degree of treatment,
the efficiency of the dewatering process
varies, even when the same method is used.
A test was conducted to find out how well
Figure 5-6: Microwedge TM Testing Unit
8 More information on the MicrowedgeTM can be accessed through the Roberts Filter Group company
webpage: http://www.robertsfiltergroup.com
59
-'4
the sludge produced at Riviera could be dewatered using MicrowedgeTM . Shown in
Figure 5-6 is a testing unit built by the Riviera staff. It is a wooden box approximately
0.8 meter tall with a single unit of Microwedge T M secured and sealed at the bottom.
Ten liter of stabilized sludge was used in each run of the test. It was observed that
soon after lime was added to the raw sludge in the stabilization process the sludge started
to flocculate, which would enhance the dewatering efficiency as the bulk solids can be
separated from the water more easily. To avoid breaking the flocs formed, the well-
mixed stabilized sludge was introduced into the testing unit slowly and carefully using a
small beaker. The testing unit was then loosely covered and moved to a shadowed area
in order to prevent sun and rain from affecting the testing result.
5.6.4 Modifications to Testing Procedures
The stabilized sludge at Riviera is stored temporarily until being processed during
the off-peak season. The sludge, which flocculates after lime is added, will have plenty
of time to settle in the storage tank. It would be possible to drain the supernatant on top
of the sludge layer before introducing the sludge into the dewatering tank. This can be
achieved by pumping the sludge from the bottom of storage tank. The sludge would be
about 9% solids, much more concentrated than the raw sludge, which only has about 2%
solids (personal communication with Ricardo Tsukamoto). As a result, the time required
for the dewatering would be shortened, since a large amount of water is already removed
ahead of the dewatering.
Since the sludge from the bottom of the storage tank has such a high solids
content of 9%, the plant is now considering using it for composting and direct field
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spraying without any further dewatering. However, further testing is required before any
decision could be made.
5.6.5 Filtrate from Dewatering
The filtrate collected from the dewatering process is basically free of any solid
matter and is being recycled to the anaerobic lagoon. It then goes through lagoon
stabilization and chlorine disinfection before being discharged into the river.
5.6.6 Climatic Effects on Sludge Dewatering
Brazil has a tropical climate and it rains almost everyday during the rainy seasons.
The water from rain added to the sludge can impact greatly on the dewatering efficiency.
The Riviera plant has two plans for handling the rainwater added to the sludge storage
tank. The primary plan is based on the density separation ability associated with the lime
and the emergency backup strategy is to cover the storage tank with a polyethylene
plastic sheet (personal communication with Ricardo Tsukamoto).
A portion of the lime added to the sludge for stabilization dissolves until reaching
the saturation limit of Ca(OH)2 at approximately 1g/L. This is sufficient not only to raise
the pH of the sludge to 12.4 but also to increase its density to higher than that of
rainwater theoretically. Based on this characteristic, rainwater will float on the surface of
the lime solution. At the beginning of sludge storage at Riviera, the plant engineers first
filled Clarifier #2 up with lime solution until it reached the weir level so any rainwater
falling into the clarifier would drain through the weir. According to the report from the
plant engineers, it was observed that a layer of calcium carbonate (CaCO3) was formed at
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the surface of the lime solution in
Clarifier #2 from the reaction of lime
with atmospheric carbon dioxide. This -
whitish CaCO 3 layer, as seen in Figure
5-7, is hard and helps in isolating the
lime solution from atmospheric
elements including CO2 and rain
(personal communication with Ricardo Figure 5-7: The CaCO3 Layer in Clarifier #2
Tsukamoto).
The plant engineers are still monitoring the performance of this mechanism but
report has shown that it is working satisfactorily as of May 6, 2000. In case of failure of
the primary plan, Clarifier #2 will be covered by a polyethylene plastic sheet to prevent
rainwater from diluting the lime solution and from increasing the water content in the
sludge.
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6 Results
Due to the failure of the sludge scraper in the CEPT clarifier, only two samples of
sludge were collected from the sludge pumps. Sample 1 was collected on January 12,
2000 and Sample 2 on January 20, 2000. A series of tests on the two sludge samples was
conducted during the team's stay at Riviera. More studies were carried out by the Riviera
staff in March 2000 after CEPT system was in full operation. The results of the tests are
presented and discussed in the following sections.
6.1 pH
As mentioned in Section 3.2.4, the purpose of lime stabilization is to raise the pH
of sludge to above 12 for bacterial destruction and odor reduction. The lime powder used
in preparing the 10% lime solution was obtained from the drinking water treatment plant
next to the Riviera laboratory. Originally, it was calculated that a dose of lime at 15%
solids in the sludge would be enough to raise the pH to above 12. As calculated in
Section 5.4.1, 30mL of the 10% lime solution was added to Sample 1. However, it was
then found that that some brown particles, presumably sand, settled at the bottom of the
lime solution, meaning that the lime was impure and the sample was under-dosed. The
pH of Sample 1 did not reach 12. Therefore, another 10mL of lime solution was added to
raise the pH. This increased the total lime dosage to 40 mL, which is at 20% of total
solids in the sludge. However, as shown in Figure 6-1, the pH did not remain above 12
either.
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Figure 6-1: Change in pH of Lime-Stabilized Sludge
Calibration was necessary in order to find out the amount of the locally available
lime required to give the expected result. However, the process was not completed
during the team's stay at Riviera. The dosage of lime used for Sample 2 was increased to
30% of total solids in the sludge, which was double of the original amount. This was an
approximate correction to offset the effect of the impurities of the lime. It is shown in
Figure 6-1 that the pH stayed higher than 12 even after 45 hours of lime addition.
Reports from Riviera staff showed that the pH of the sludge remained over 12 two
months after the lime addition. The plant has continued the dose of lime as a 30% solids
solution to the raw sludge.
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6.2 Solids Content
The data of the amount of total solids (TS), total volatile solids (TVS), total fixed
solids (TFS) and % solids in the two samples is summarized in the following graphs.
Please refer to Appendix D for the comprehensive record of the soilds content analysis.
Raw Sludge Stalized/Dewatered Stabilized/Dewatered Stbilzed/Dewatered StabilizeDewatered
(19 hrs) (87 irs) w/polymer (24 hrs) w/polymer (45 irs)
Figure 6-2: Solids Concentration of Sample 1 at Different Stages
of Sludge Treatment at Riviera
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Raw Sludge Stabilized/Dewatered Stabilized/Dewatered Stabilized/Dewatered Stabilized/Dewatered
(19 hrs) (87 hrs) w/polymer (24 hrs) w/polymer (45 hrs)
Figure 6-3: % Solids of Sample 1 at Different Stages
of Sludge Treatment at Riviera
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Figure 6-4: Solids Concentration of Sample 2 at Different Stages
of Sludge Treatment at Riviera
Figure 6-5: % Solids of Sample 2 at Different Stages
of Sludge Treatment at Riviera
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6.2.1 Effect of Lime Addition
6.2.1.1 Effect on Ratio of Fixed Solids to Volatile Solids
Table 6-1: Change in Ratio of Fixed Solids to Volatile Solids
Ratio of FS:VS % Change
Before Limne Addition After Lime Addition
Sample 1 0.27 0.51 +89%
Sample 2* 0.38 0.82 + 116%
* The dosage of lime in Sample 2 is 1.5 times that in Sample 1.
Lime addition not only destroys bacteria and reduces odor, it also enhances
subsequent dewatering process as it increases the ratio of fixed solids to volatile solids in
the sludge. As mentioned previously in Section 2.1.4, sludge tends to dewater better as
the percentage of fixed solids increases.
6.2.1.2 Effect on Solids Content and Volume of Filtrate.
Table 6-2: Effects of Lime Dose on Solids Content and Volume of Filtrate
Sample 1 Sample 2 % Change
% Solids 8.5 9.8 15.4 %
Total Solids (mg/L) 81,200 92,800 14.3 %
Total Volatile Solids (mg/L) 51,800 51,000 -1.5 %
Total Fixed Solids (mg/L) 29,100 41,800 43.6 %
Volume (L) 7.02 7.5 6.8 %
Dewatered with l0ppm of polymer for 24 hours
When comparing Sample 1 and Sample 2, it can be noticed that the increased lime
dosage in Sample 2 does have an influence on the solids content of the stabilized sludge
that was mixed with polymer and dewatered for 24 hours. It is shown in Table 6-2 that
Sample 1 was dewatered with polymer to 8.5% in 24 hours. The lime dosage in Sample
2 was 1.5 times of that in Sample 1 and its % solids reached 9.8% in 24 hours when the
same amount of polymer was used. It is also noticed that the amount of fixed solids in
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Sample 2 was 43.6% more than that in Sample 1 since lime is primarily inorganic
substance.
The volume of filtrate collected from dewatering Sample 2 is about 7% more than
that from Sample 1, suggesting that more water was dewatered from the sludge when
lime dosage is higher.
6.2.2 Effect of Polymer Addition on Solids Content
Table 6-3: Effects of Polymer Addition on Solids Content
Without Polymer With Polymer
Dewatered for 87 hours Dewatered for 45 hours
% of Volatile Solids 66% 64%
% of Fixed Solids 34% 36%
Ratio of FS:VS 0.50 0.57
Even though the dewatering time was only half, 45 hours vs. 87 hours, the solid
content is still higher in sludge dewatered with polymer than without polymer. This
suggests that the addition of polymer would enhance dewatering efficiency.
6.3 Settleable Solids
The Imoff Cone Test (Standard Method #2540F) was used for the analysis of the
settleable solids in sludge. Only Sample 1 was tested and it was found that the sample
contains 930 ml of settleable matter per liter of sludge, suggesting that the majority of the
solids component in the sludge is settleable. However, the result was thought to be
68
unrepresentative since the color of the sludge was black and it was very difficult to
identify the line separating the solids and the liquid.
6.4 Pathogenic Analysis
6.4.1 Coliform Analysis of Sludge
At the laboratory of Riviera the method of Multiple Tube Fermentation, Standard
Method #9221, is used for coliform analysis. The data sheets for the coliform analysis
are attached in Appendix E.
Table 6-4: Coliform Contents in Sample 1
Raw Sludge Stabilized / Dewatered % Change
(MPN / mg of total solids) W/o polymer (19 hours)
Total Coliform 6.3 x 10 720 -98.9
Fecal Coliform 630 -
Table 6-5: Coliform Contents in Sample 2
Raw Sludge Stabilized / Dewatered % Change
(MPN / mg of total solids) W/ polymer (24 hours)
Total Coliform 4.6 x10_ 17 -99.9
Fecal Coliform 650 11 -98.4
It can be seen from the figures that the coliform levels in the sludge decreases by
over 98% after stabilization and dewatering. In order to qualify the biosolids produced
for sale on the market as fertilized, it must meet the Class A biosolids requirement
according to the 40 CFR Part 503 Rule. The stabilization process adopted by the Riviera
wastewater treatment plant meets the process requirement as described as Alternative 2
for Class A biosolids.
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6.4.2 Other Parasitological Species
According to the parasitological analysis9 performed on wastewater and sludge
samples collected on March 30, 2000, the following species were found.
Table 6-6: Parasitological Species in Wastewater and Sludge
Species
Helmint Eggs Helmint Larvae: Protozoan Cists:
Raw Ascaris sp, Ancilostomid, Entamoeba coli,
Wastewater Enterobius vermicularis, Enterobius vermicularis Entamoeba histolytica,
Necator americanus Giardia sp
CEPT Enterobius venrnicularis, Enterobius vermicularis, Entamoeba coli
Effluent Hymenolepsis diminuta Strongilodes steroralis
Facultative Hymenolepsis diminuta Enterobius vermicularis, Entamoeba coli,
Lagoon Strongilodes steroralis Giardia sp
Effluent
Ascaris sp, Enterobius vermicularis, Entamoeba coli,
Limed Hymenolepsis diminuta, Strongilodes stercoralis Giardia sp,
Sludge Necator americanus, Iodamoeba
Taenia sp
The analysis of parasitological content in sludge was only performed once as of
May 11, 2000. The analyst who conducted this analysis mistakenly reported
concentration of the species in sludge in number of eggs/ml of sludge, which should be
number of eggs/g of soilds in the sludge instead. Therefore, only the names of the
parasitological species are reported here, but not the concentration. Riviera has plan to
perform further parasitological analysis in order to obtain information required to decide
if the biosolids produced can comply with the CETESB regulatory standards as described
in Section 2.3.
9 Performed by Silvana A.Cutolo, Fac.Public Health, Sio Paulo University, Brazil. Data sheets are
included in Appendix F.
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6.4.3 Coliform Analysis of Raw Wastewater
The method of Membrane Filtration, Standard Method #9222, was used to test the
coliform level in samples of raw wastewater collected at the pumping station on January
21, 2000. The result is shown in the table below.
Table 6-7: Coliform Level in Raw Wastewater
MPN /100mL
Total Coliform 5.7 x 10-7
Fecal Coliform 1.2 x 10-
Coliform tests of wastewater at different stages in the treatment process were
performed by the Riviera staff during the Carnival 2000 long weekend. The Multiple
Tube Fermentation method was used and the results are shown in Figure 6-6 and Table 6-
8.
n Total Coliforn
*Fecal Coliformn
Inlet CEPT Iagoon Effluent WW TP Effluent
71
o0
1.E+09
1.E+08
1.E+07
1.E+06
1.E+05
1.E+04
1.E+03
1.E+02
1.E+01
1.E+00
Figure 6-6: Coliform Level in Wastewater at Different Stages
Raw Wastewater
Table 6-8: Efficiency in Coliform Destruction of Different Processes
Process Coliform Destruction Efficiency (%)
CEPT + Lagoon Stabilization 98 %
Chlorination 99.98 %
The coliform removal efficiency of the combined effect of CEPT and lagoon
stabilization is about 98%. Only the bacteria attached to the suspended solids in the
wastewater are removed in the CEPT process. The bacteria are not killed but rather
physically eliminated from the wastestream. In the chlorination process, bacteria are
destructed chemically by the action chlorine.
It would be useful if a correlation could be established between the coliform level
in the raw wastewater and that in the sludge. Coliform tests on sludge are done using the
MTF method which takes 24 hours for total coliform analysis and an additional 24 hours
for fecal coliform analysis. On the other hand, the test on wastewater can be done using
the MF method which only takes 24 hours to get both the total and fecal coliform results
If the correlation can be established, the estimation of coliform level in sludge can be
obtained using the coliform test result of wastewater samples within shorter period of
time.
6.5 Elemental Analysis
6.5.1 Method Used
The two stabilized and dewatered sludge samples collected in January 2000 were
dried in the oven at 103*C and homogenized. Elemental analysis of the sludge samples
was done by the Laboratory of Characterization Technology in Sio Paulo University.
The method used was X-ray fluorescence (XRF), which is able to detect all chemical
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elements with atomic weight above 12. The XRF technique is based on the use of
focused particle beams such as photons, electrons, protons, ion, etc. It can usually detect
elements at the microgram per gram (ppm) levels. XRF is one of the most commonly
used X-ray techniques for elemental screening as it gives a very broad spectrum of
chemical element composition. Compared to conventional single-element analysis, XRF
is simple, convenient and fast. However, a severe disadvantage of it is that it does not
give precise result for trace amounts which is always the case when dealing with heavy
metals.
6.5.2 Results
The amount of various types of element detected in the sludge samples is shown
in Table 6-9 below. The original data record is attached to Appendix G.
Table 6-9: Amount of Elements in Sludge Samples
Concentration Ceiling Concentration
(mg/kg) (mg/kg)
Element Sample 1 Sample 2 (CETESB)
Oxygen 108,000 145,000 -
Sodium 500 40 -
Magnesium 3,100 3,400 -
Aluminum 20 4,800 -
Silicon 7,500 6,500 -
Phosphorus 12,900 14,400 -
Sulfur 15,800 24,200 -
Chlorine 500 500 -
Potassium 900 700
Calcium 81,200 11,800
Titanium 2,000 2,000
Chromium 100 -
Manganese 300 300
Iron 45,900 63,300 -
Copper 200 100 4,300
Zinc 600 500 7,500
Strontium 400 500
L.I.* 71,700 61,600
* Loss on Ignition at 1050*C
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The sludge samples were ignited at 1050*C before being analyzed and the mass
lost was basically the amount of solids volatized at this temperature. The elements,
arsenic, cadmium, lead, mercury, molybdenum, nickel and selenium, which have
established maximum limits for biosolids use in Sio Paulo were not detected in any of
the samples. The concentrations of the other two controlled elements, zinc and copper,
are both below the regulatory limits.
Since the maximum allowed concentrations in the biosolids are relatively high
compared to the detection limit of the XRF method used, the degree of accuracy should
be sufficient. Although the XRF method for is not recognized by the CETESB as the
standard method for elemental analysis, Riviera has plans to apply for permission to use
the XRF method as it is less time-consuming and less expensive. It is a more feasible
method, both technically and economically, for small communities such as Riviera.
6.5.3 Analysis of Total Carbon, Total Nitrogen and Hydrogen
Concentration of total Carbon, total nitrogen and hydrogen in the stabilized sludge
is measured 10 where the dried, stabilized sludge was first pulverized in a blender to form
fine dust. Then it was screened using a 100-mesh sieve. To meet the requirement of the
method used, analyses were done separately on the fine powder passing through sieve
and the fine fibrous aggregated material left on the screen. The samples were burnt at
1,000*C and the gases released were collected and analyzed for carbon, nitrogen and
hydrogen. The result is shown in Table 6-10 and details about the analysis can be found
in Appendix H.
1 Analysis performed by Chemistry Lab, Geosciences Institute, Sio Paulo University.
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Table 6-10: Concentration of Total Carbon, Total Nitrogen and Hydrogen
Sample Fraction Total Carbon Total NitrogeD Hydrogen* Sum
(%) (%) (%) (%)
1 Fibrous Material 38.3 2.7 51.2 92.1
Fine Powder 36.4 2.6 48.6 87.6
2 Fibrous Material 33.4 2.6 46.2 82.3
Fine Powder 31.9 2.8 43.7 78.4
* Expressed as water-equivalent.
The total carbon concentrations expressed above contain both organic and
inorganic carbon. The latter is mainly the carbonate from the lime added the stabilization
process. If the inorganic carbon content can be isolated from that of the organic carbon,
the actual amount of lime added to the sludge can be estimated. It can be noticed that the
concentrations in the fibrous fraction are generally higher than those in the powdery
fraction. As of today, the plant engineers are still deciding which set of results is to be
submitted to the CETESB in the future (personal communication with Ricardo
Tsukamoto).
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7 Sludge Management at Other CEPT Plants
Among all the CEPT plants in the United States, the Point Loma Wastewater
Treatment Plant in San Diego, California is the best studied and documented. The sludge
treatment and disposal process will be discussed in the following sections.
7.1 Point Loma, San Diego
The Point Loma Wastewater Treatment Plant is located on the Point Loma
peninsula west of the center of San Diego. The system was first designed and built in the
early 1960s to solve the water quality problem within the San Diego Bay (Hansson and
Langworthy, 1994). This wastewater treatment plant, formerly operated as a primary
treatment facility, is serving 16 municipalities on a 850 square-mile area with the nominal
suspended solids removal rate of 40-60%. In 1985, the plant underwent a system upgrade
and was equipped with CEPT in order to achieve a higher removal rate. The adoption of
CEPT allowed the sedimentation tanks to perform well beyond the original design
parameters. With the use of ferric chloride as a coagulant and an organic anionic
polymer as a flocculant, the removal rate increased to more than 85% of total suspended
solids on a consistent basis (Hannson et al, 1998).
Although results showed excellent removal efficiencies in both TSS and BOD, the
Point Loma Wastewater Treatment Plant had overcome various legal and regulatory
obstacles before they could obtain approval on using only CEPT, without secondary
biological treatment. Initially, the federal court ordered the plant to build secondary
biological treatment units, in order to comply with the requirements of the Federal Clean
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Water Act. But several city officials questioned the justification of spending an
enormous amount of money on the construction for the benefit of a small increase in
BOD removal in an effluent discharged through a long ocean outfall. They argued that
there had been no degradation for the ocean following the CEPT upgrade and noted that
San Diego is at the short-end of California's fresh water allocation (Harleman and
Murcott, 1999). After a series of discussion and review, the City of San Diego was
finally granted a special waiver by the USEPA from the secondary treatment
requirements. This has resulted in an estimated capital saving of 3 billion dollars and
large annual operation and maintenance saving. The new waiver requires that Point
Loma remove 80% of TSS and 58% of BOD and that the total mass load of solids to the
ocean decreases every five years (Hansson et al, 1998). Currently, San Diego is the only
large city in the United States that does not have secondary biological treatment
processes for wastewater treatment.
7.2 Plant Operating
In 1998, the operating parameters of the Point Loma Wastewater Treatment Plant
were as follows:
> Average Daily Flow: 194 million gallons per day (mgd)
> Maximum Daily Flow: 349 mgd (February 24)
> Minimum Daily Flow: 159 mgd (June 30)
> Average Daily Dose of Ferric Chloride = 24.1 mg/L
> Average Daily Dose of Anionic Polymer = 0.18 mg/L
> Total Retention Time ~ 2 hours
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Beginning in October 1991, the wastewater treatment system at Point Loma began
accepting sewage flows from the City of Tijuana, State of Baja California, Mexico
through an interceptor service connection in San Ysidro, CA. According to the 1998
Annual Reports and Summary of the Point Loma Wastewater Treatment Plan, in 1998,
the average daily flow received from Mexico was 11.3 mgd (about 6% of the plant's
daily flow) and was included in the total flows of the treatment plant.
The wastewater treatment process at Point Loma includes screening, grit removal,
advanced primary settling, aeration, sludge stabilization using anaerobic digestion and
final sludge disposal. The flow schematic is shown below in Figure 7-1.
~PS No. 
&Yom,~ PS ft
Q... * *.. o
440N A
I*i Lo 4rf"W a1 4 4 £
Fiur 7-:Eitn4ytmFo ceai t on oaWseae ramn ln
(19 AnulRprsadSmay4on oaWatwtrTetetPatOenOtal
4 78
The removal efficiencies at the Point Loma Plant are shown in Table 7-1 and
Figure 7-2.
Table 7-1: Removal Efficiency of TSS and BOD at Point Loma in 1998
Total Suspended Solid
(mg/L)
Influent Effluent % Ren
Average 278 39 8
Maximum 312 65 90
Minimum 255 27 76
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Figure 7-2: Removal Rate of TSS and BOD at Point Loma in 1998
The average removal rate of TSS is 86%, which is above the waiver requirement
of 80%. However, the average BOD removal rate is 57% only, slightly below the
required 58%.
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7.3 Sludge Production
The amount of sludge production at Point Loma was calculated from the flow,
TSS, phosphorus and sludge data recorded. The Murcott equation and the Odegaard and
Karlsson equation were used for the calculation. The results are compared to the actual
measured amount. A summary is presented in Table 7-2 below.
Table 7-2: Sludge Production at Point Loma
Model Used Average Dry Sludge Weight % Difference(tonne/day)
Measured 116
Murcott 124 +7%
Odegaard and Karlsson (Ke=3) 158 +36%
Odegaard and Karlsson (Ke=4) 175 +51%
Odegaard and Karlsson (Ke=5) 192 +66%
The estimate using the Murcott equation is closer to the actual measured sludge
production. It is only 7% more than the measured amount. The value of the coagulant
constant, Ke, in the Odegaard and Karlsson equation is 3 to 5 for ferric salts. Calculations
were done with different Ke values and it is found that the calculated values are larger
than the measured value by 36% to 66%. The discrepancy may be due to the fact that the
values of the coagulant constant were determined by the laboratory experiment that
Odegaard and Karlsson conducted in Norway. The wastewater characteristic in Norway
is obviously different from that in the United States. Therefore, the calculated values
differ from the actual measurement greatly. In order to obtain the measured value from
the Odegaard and Karlsson equation, the Ke-value has to be 1.7.
In general, the Murcott equation is considered to be more appropriate in the
calculation of sludge production for the CEPT process. Especially when no previous
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experimental fieldwork results can be used as reference, the Murcott should be used for
the calculation. Please refer to Appendix I for details of calculations.
7.4 Sludge Treatment
7.4.1 Screening, Grit and Scum
The rags and screenings from the bar screen, the oil from the grit washer and the
scum from the primary sedimentation tank is collected periodically and hauled to landfill
sites for disposal.
7.4.2 Sludge Thickening and Stabilization
There is no sludge thickening equipment installed at Point Loma since the
sedimentation tanks are all designed to thicken the sludge within the basin. The CEPT
sludge with approximately 3% solids is pumped into the sludge digesters. The plant uses
anaerobic, high rate, mesophilic (temperature range from 80*F to 105*F) digestion. In
this kind of process, the application of vigorous mixing and operation near the optimum
temperature of 95'F results in high rate of degradation and yields the most efficient use
of the reactor volume. The digested sludge is homogeneous; there is no scum layer and
no supernatant. Some of the methane produced in the digestion process is flared while
some is combusted to provide energy for the plant's boilers.
The residence time in the digesters is 15 days when operating at their maximum
hydraulic capacity. This is a limiting factor for the plant's removal capacity of sludge.
But by achieving a higher sludge density, an improved result may be resulted (Hansson
and Langworthy, 1994).
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7.4.3 Dewatering
Before 1998, all the biosolids produced at the Point Loma wastewater treatment
plant were pumped to the Fiesta Island Sludge Drying Facility (FISDF) for further
dewatering, by mechanical belt presses combined with sand drying beds. In February
1998, the Metro Biosolids Center (MBC) replaced FISDF as the sludge dewatering
facility using a centrifuge dewatering process. The centrate from the MBC was recycled
to the raw wastewater stream at the treatment plant.
The % solids of the raw, digested and dewatered sludge is shown in Figure 7-3.
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Figure 7-3: % Solids in Sludge at Different Stages
The % solids in the raw sludge is about 5% and after digestion is about 3%. Such
decrease is due to the destruction of solids in the digestion process. About 25% of the
solids in sewage sludge is inorganic and passes through the digester presumably
unchanged. Of the remaining organic or volatile fraction, approximately 45% is
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converted to gas, 15% to new bacteria and 40% passes through the process unchanged.
Therefore, in general, anaerobically-digested sludge has 45% solids content than raw
sludge (Brade et al, 1984).
After dewatering, the % solids reaches about 30%. Centrifuge dewatering is very
efficient in dewatering sludge. Although the capital and operation costs are high, this
method is suitable for large wastewater treatment plants in developed countries such as
Point Loma, due to the high capacity of the machines.
7.4.4 Biosolids Reuse
After dewatering, the biosolids are transported to suitable sites for disposal and
reuse. Most of the biosolids produced in 1998 were beneficially reused in California and
Arizona by contracted land applicators. The rest of the biosolids produced were disposed
of at two landfill sites, one in Arizona and the other in California.
The biosolids produced at Point Loma are classified as Class B according to
USEPA specification on pathogen requirement. The digestion method used meets the 40
CFR Part 503 Rule for detention time and temperature as described in Section 2.2.1.2.
Therefore, the biosolids produced qualify for use in agricultural land, forest, reclamation
sites, or special disposal landfills with restrictions to prevent direct or immediate contact
with the public.
Point Loma Wastewater Treatment Plant has contracted out the biosolids
management job to three different land appliers. The biosolids are either directly applied
to the land or subsurface injected.
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8 Conclusion and Recommendation
Compared to Riviera, the Point Loma plant is more efficient in almost every
aspect of the wastewater treatment. One of the reasons is that the Point Loma Plant has
been operating for about 15 years. The operation of the plant had already been optimized
during such a long period of time through numerous bench-scale and full-scale tests with
a great deal of technical support. On the other hand, the Riviera plant is relatively new.
It has only been in service for a few months and the level of technical resources is
limited. It will take longer time for Riviera to optimize its operation parameters.
San Diego is a large city in a developed country while Riviera is a very small
town in a developing country. The Riviera plant has limited financial resources so it
cannot afford expensive equipment. As mentioned previously in Section 5.3, during the
first year of operation the plant does not have enough capital to install the Fish Finder
system for sludge collection even though it is necessary to ensure sludge treatment
efficiency.
The Point Loma plant is serving 16 municipalities including residential
commercial and industrial areas. On the other hand, Riviera is essentially a resort area
with mainly residential and a limited extent of commercial activities. The complexity of
the wastestream at Riviera is less than that in Point Loma. The volume of the wastewater
handled by the plant is very high and time is of major concern regarding sludge
treatment. Therefore efficient equipment, such as the dewatering centrifuge, is a
necessity for the Point Loma plant.
To further optimize the operation at Riviera, several recommendations are made:
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The Fish Finder sonar detector should be installed in order to get real-time
information on sludge levels in the sludge wells.
> Information on volume of sludge production should be measured and/or estimated
to ensure that the sludge storage tank is adequate in holding the sludge for the
entire season.
> Results of elemental analysis using X-ray fluorescence (XRF) method should be
verified using conventional single-elemental analysis. Assuming verification, the
XRF method should be adopted for elemental analysis at Riviera.
> If sludge dewatering is to be done, full-scale testing of the process should be
performed. Different dosages of cationic polymers should also be tested.
> Climatic influence should be taken into account when designing long-term storage
of stabilized sludge and dewatering tank. Since Brazil is located in a tropical
area, significant impacts on dewatering process from rain could occur during
rainy periods.
> Pilot study of biosolids reuse strategy should be conducted to decide if
composting, liquid sludge or dewatered sludge application would be the best
option.
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Appendix A -USEPA Pollutant Loading Rates for Biosolids
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Table A-1: Ceiling Concentrations of Pollutant in Biosolids
Ceiling Concentration
Pollutant (mg/kg)1
Arsenic 75
Cadmium 85
Copper 4300
Lead 840
Mercury 57
Molybdenum 75
Nickel 420
Selenium 100
Zinc 7500
'Dry Weight Basis
Table A-2: Cumulative Pollutant Loading Rate
Cumulative Pollutant Loading Rate
(kg/hectare)
Arsenic 41
Cadmium 39
Copper 1500
Lead 300
Mercury 17
Nickel 420
Selenium 100
Zinc 2800
Table A-3: Pollutant Concentration
Pollutant Monthly Average Concentration
(mg/kg)1
Arsenic 41
Cadmium 39
Copper 1500
Lead 300
Mercury 17
Nickel 420
Selenium 100
Zinc 2800
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Table A-4: Annual Pollutant Loading Rates
Pollutant Annual Pollutant Loading Rate
(kg/hectare/365 day period)
Arsenic 2.0
Cadmium 1.9
Copper 75
Lead 15
Mercury 0.85
Nickel 21
Selenium 5.0
Zinc 140
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Appendix B - Calculation of Riviera Sludge Production
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Calculation of CEPT Sludge Production at Riviera during
the Carnival 2000 Period (March 3 to March 2000)
March 3 to March 7, 2000
Mean Flow TSS (mg/L) Total Phosphate (mg/L Odegaard and Karisson K=3
Dry weight Wet weight Volume
(m3/hr) Influent Effluent Influent Effluent (g SS/m3flow) (tonne/d) (tonneld) (m3/d)
3-Mar 143 184 60 5.2 0.8 274 0.9 47 46
4-Mar 276 125 60 4.6 0.6 215 1.4 71 69
5-Mar 341 284 88 4.8 0.8 346 2.8 142 138
6-Mar 363 268 60 4.6 0.6 358 3.1 156 152
7-Mar 435 125 56 4.2 0.6 219 2.3 114 111
Avg 312 197 65 4.7 0.7 282 2.1 106 103
Odegaard and Karisson K=4 Odegaard and Karisson K=5
Dry weight Wet weight Volume Dry weight Wet weight Volume
(g SS/m 3flow) (tonne/d) (tonne/d) (m3/d) g SS/m3flow (tonne/d) (tonneld) (m3/d)
3-Mar 324 1.1 56 54 374 1.3 64 63
4-Mar 265 1.8 88 86 315 2.1 104 102
5-Mar 3% 3.2 162 158 446 3.7 183 178
6-Mar 408 3.6 178 173 458 4.0 200 194
7-Mar 269 2.8 140 137 319 3.3 167 162
Avg 332 2.5 125 122 382 2.9 143 140
Remark:
(1) Ferric sulfate dose: 50mg/L
(2) % Solids in raw sludge is about 2% (Personal communication with Ricardo Tsukamoto)
(3) Sludge density was measured to be 1026 kg/m3
(4) K used in Harleman and Murcott equation is 0.94
(5) Tonne is metric ton.
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Harleman and Murcott
Dry weight et weigh Volume
(tonneld) (tonneld) (m3/d)
3-Mar 0.6 29 28
4-Mar 0.7 36 35
5-Mar 2.0 98 96
6-Mar 2.2 110 107
7-Mar 1.2 59 57
Avg 1.3 66 65
Appendix C - Information Sheet of Polymer W320
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BOLETIM DE PRODUTO
ADESOL W 320
Polimero
e 0 polimero ADESOL W 320 6 um floculanto catiico de alto peso molecular e alta
intensidade do carga, destinado a diversas aplicagdes, tais como tratamento de &gua
industrial; tratamento de fluentes industrials, efluentes municipais e sanitdrios; auxiliar
de filtragdo em processos industriais e espossamento e desidratae~o do lodo.
A utilizaeAo do polimero ADESOL W 320 traz os seguintes beneficios:
* Funciona em larga faixa do pH; reduz ou elimina a dosagem do produtos coagulantes
inorginicos reduz o custo do disposigAo do lodo por aumento de teor do s6lidos do
mesmo ajuda a manter a performance da planta por aumentar a taxa do sedimentagAo
do clarificador e melhora a drenagem e sedimentageo do lodo.
CARACTERISTICAS FISICO-QUIMICAS
Aparencia................ ...... Liquido viscoso.
pH ... .................. .......... ........................ 4,0± 0,5.
Densidade (25 ) ................... 105 ± 0,05 g / cm3
Viscosidade (25 OC) ........... ....... 400 ± 200 cPs.
APLICAgAO E DOSAGEM
Para aplicagao o polimero ADESOL W 320, deve ser difuldo a uma concentragao do at6
0,5%, para se obter melhor efici6ncia. A dosagem orientativa dove ser determinada em
testes de labotat6rio e otimizadas durante a utilizaeo.
A fim de se conseguir o mdximo desempenho, o polimero ADESOL W 320 deve ser
aplicado em urn ponto de boa agitagAo para dispersar a solugfo no melo.
A ADESOL PRODUTOS QUIMICOS LTDA, ant6m equipe t6cnica especializada para
auxilib-lo na determinae;o da melhor forma de aplicae4o a dosagem.
MANUSEIO E ARMAZENAGEM
0 polimero ADESOL W 320 niso 6 t6xico nem agressivo, porem, como todo produto
quimico, recomendamos evitar ingestgo e contato com a pole e olhos, na sua forma
concentrada. Em sua embalagem original pode ser mantido por um periodo do at6 12
meses.
EMBALAGEM
Tambor do 200 litros, com orificio central para agitaio.
Rev. 000 Jan. 97.
NOTAA infonnho aq contia 6 dada do boa f, naoduwenio ImPlic, pardm, em u m w"" eposbld~api
nosa firma quwaro so usw eeficac cient.
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TS, TV VS TFS Work Sheet Ode:at January 8, 2000
__Dish #
9ai~le Infotation3 Slud e fromn Anaerobic Lagoon #1. Collected nannually by bu rtfom the bottom afthe lagoon.
S amp le V ol (at?)_________________ 1 1 _____
A Wt. offDish~g 8_____ _ __ _____7.7143 69.M3 ____
B Wt.of Diuh+Wet Solids (g) 88___ __________3.002.5 70.1538 _ ___
C Wt.ofDieh+Filtpr+ 
_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Drie dS olids afte r I10?C (g) 
____ ____ 8717575 69.9242 _ ___
D Wt.ofDieh+ 
___
Die dS olid, afte r 5509IC (8 
__________ 7.7464 69,9129: _____
TVS(uig/L)-(C - D 1,00pot,000 11100 11300
Sample VoI (=Il) ____ __ _______
TFSQ 5 /L)-(fl-A)I0UO0________ ____ ____ ____ 32100 ___ ___
Sample 81 52 ____ 54 S5 56 S7 58S&_
Dish #,_ _ ___ _ _ _ _ _ _ Las. small _ _ _
S amp le VoI0mD 1 0.1 0.1 1 1 
____
E Wt of Dish (g 1.2766 125=8 1.3644 1.3477 1.3474 1.3605 87.7143 69.883 ____
F Wt of Dish+Wet Solid. (g)_____ 1.583 1.612 1.70138 1.7036 88.01025 70.1038 _ ___
0 W~o~ibriTh Slid. ~ '1.3254: . 33. .. 77 1.3524 1.3748 1'.4047 8717575 69.9242 _____
__TS(agL (G E)x IJOOOJJOO 48300 49300' m300 47000 47400 44200 43200 41200
%5.Ji~~s-(G-E~~zIOO/(F-E)1 
-_________ 3R 178 1323 112.88 149 174 ____'.000
- I - I - Ow
TS, TVS& TffSWork Sheet _
Janauy 10, 2000 J anau 1,2000 0Janaury 1L 2000
... ...Smmrple#3 I 310 si S1 1 2.S12..S13 1 14
Dish
Semple Infonation FromAnaerocic Lagoon #1. Raw CEPT Sludg Lime-Stabilized
ime-Stabilized. From floc cutiAon chamber 10% Lime Solution at 15% S>ilds
Saple l 01 () 10% Lime Solution at15% Suilds 5 5
A Wtiof Dish() Deweteredfor 24hours 87.1752 53.2338
B Wt.offDish+WetSolids(g) 93.6543 59.8386
C Wt.ofDish+Filter+ 87.5716 53-681
Dried Solids after 103'c (g)
D Wt.of Dish+ 873305 53.A216
Dris dSolids fter 550*C()
TVS(mgL) (C - D )x IMO0$O 48220 51880
lep Vau1 (li)
TF)g, ( A 00 31060 37560
So"*) Vali (MdI ____ ____ 
_______
Scrmpe S9 310 11 S12 313 314
Dish,# Large Small
Sample Vol(my 1 1 1 1 5 5
E Wt.ofDish(g) 12765- 1.2707 1.2623 1.2887 17.1752 53.23381
F WtofDish+WetSolids(g) 2.5485 2.2696 2,1112 2,6708 93.6543 59.8386
G Wt ofDish+Dr 1Solid( .4731 1.4351 1.3473 13587 87.5716 53.681
TS(sg/L)--(G- E)u 1i000OO 196600 164400 85000 70000 79280 89440
__S____(_G-E_) _00_( _- y 15.46 16.46 10bi 506 _6 12 6.77
Vc
V1
I II low, M M - - _1- 1_111 11 . 11 111,
TS, TVS & TFS Work Sheet Date: January 12, 2000
.. . ........... ... ... . ....... 1 1 - _ ,f ''_ - I__ _
S=,Pe ig# 19 S20 52 122 S23
Dish# LargS ge Small Large Small
S en tio Raw CEPT Sde Lime-Stabilized Lime-Stabilized
___________________From sind a imps D____ Dewatere d far 19 hours Dewateredfort7hours _ ___
S aaplVol(=X) 5 5 2 3 lOAppror 10Approx
A WtofDiult(g) 80.9063 69.7962 92.2757 73.3271 809045 6917916 _____
B Wt.of Dis+Wet Solids (g.5944 74.6561 93 237 6 75.7408 89,538 79383
C Wt. of Dish+Pilter+ 81.0136 69.8949 ______ 923354 73.4864 81.8046 70.7784 _____
Dtie dSoids aftar 10 3C g ___
D Wt~of Dish+ g0.9298 _ 69.817 92.2949 73.3835 _ __ 81.2052 70.1238
Dfied Solids aferSSOC(t _ ________
TVS(ug/)a.(C -f) , 00,000 16760 15580 20250 34300 _59940 65460
TFS 473
4160 9600 18800 30070
Smample # 318 319 S____ 20, 321 S22 323 ____
DihLarge Small Large Small Large Small ____
SuarapleVolmt 5 5 ____ 2 3 lO pro 10PApprox ____
Sma9a 'et (mlQ W.ofDibr+Dry olids  91.0136 69,8949 92.3354 73.864 81.8046 70.774
TS(mg/L)-( G - E)x 1,000 21460 19740 30100 53100 90010 98680
Sample Vcl (nd)
1% , Sls-(G - E)xI100/(f- E ) 2.2.3 621, 6.6 10A43 10-29
TS, TVS & TFS Work Sheet Date: January 16 2000
iFirst Sample.
Sample # S24 S25 526 S27'
Dish # Large Small Large Small
Sample Inforation Ra CEP 10P olyner Ra CEPT Sludg w10pp i er
.................____ Limteod4) en ter ed f r 24 hours Limed-fl ewatere d for 45 Moutt
S ample Vol (tt4 10 Aypcox iCAppro: 10 Aflrroz 10tO ro
A Wt.of Dish(g) 87.1724 53.2337 92.2759 73325
B Wt.ofDih+Woet S o~is 97.3416 62.356 103506 83.3916
C Wt of Dish+Pilter+ 88015 , 4.0154 93516 74.3854
Dnd Solids after l03'C (t_
D) Wt of Dish+ 87.476 S3i5185 92.7236 73.7084 -..
Died Solids after 55QVC (gi
TVS(ug/t)(C.- D IOO O 90 49690 "240 67700
Sapl# 324 325 326 327 Val
Dish/# Large Small Large Small
SAmple x01(n4 10 Approx 1 40Approx 1 70Approx 30Approx
E Wt of Dish®) 87.1724 53.2337 ____ 92.2759 73325 ____
P WLtoffDish+Wet holids (g 97.3416 62.3561 _____ 03.506 8t3916 _ _____________
Sampi Vol (Mb,_____ ____
S ample S446 85 S26, S2
Dishn Lag SmlLrg ml
0
TS, TVS & TI'S Work Sheet D ate. .ieavn4&ey 20, 2000
S ample# $2 9' __30__ $3 S32 S33
Dish# Large small Large_ small Laret m
Sa Ienform atio n Raw CEPT ~1deLieSta-biline4 dcDvtteredrf/l~ppM. pojymter ............
From sludge m ps 60ghme in 10 24hours
Sample Vo1(MD 10 Approx 10 Approx 10 Approx 10 Approx 10 Approx 10 Approx
A Wt.ofDish(g) 87.1717 53.232 92.281 73.3269 80907 63.3604
B Wt.of Dish+Wet Solids (g) 97.0766 63.1622 102.156 83.2239 M9003 73.1621
C Wt.ofDish+Filter+ 87.3664 53.4298 92.5077 73.5535 81.7958 63.3285
DriedSolids after,103*C (g
D Wt.of Dish+ 872239 53-2873 92.3763 73.4356 81.3113 637 922
Dried Solids after550*C ($
TVS(mg/L)-(C -D)xPOAOO 14250 14250 13140 11990 48450 53630
TFS(__ (D - A ) 1_ 5220 5530 9530 10870 40430 43180
Samp!. Vol u___
Sample S28 S29 30 S31 S32 S33
Diuh*# Large MuLarge Smd..............l
s LUJU1l Vo01 Lop 10 Approx 10QApprox _ ___ 10 Aifrox '10 Approx 10 Approx 10 Approx _ ___
E Wt of Dish(g) 87.1717 53.232 92,281 736980.907 63.3604 _ ___
P Wt.ef DuiltWet Sokid (g) 97.0766 63.1622 102.156 83.2239 90.003 73.1621
G Wt pf Dislw'-Dq Solidq,(S 87.3664 53.4298 -92.5077 73.5535 81.79U .63,3285
__TS(mg/14a( G- Z)x 1,000O00 19470 19780 _____ 22670 .22860 _____ 880 96810
5s$.k Vol (M4,___ ________
%uldsG-,EPx1O0O(F -E) :1.97 rI99 2.3__ $ 2.31, ____ 1 9.77 1 9.88 ____0L'.3
Appendix E - Riviera Coliform Content Data Sheet
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Total Colfbnn aandFecal Colfonnblfontion Sleet
Sarple TctalCohfczm tFecal Colifcrm iTctal Colifcm Fecal Cc frn
Infcnraticn Dibti 241r 48hr Tdtal. Dic 24fr 4SIr Tctal Ccrbo MPN Base MPN/100ni Ccrrbo M'PN Base MPN100 m
10-Jan-00 1le 5 0 -5 1 0 0 0 542 220 le 22000000 
SI frcm 1C 4 0 4 1 '0 0 0
1anaeo # 1 0 1 i _
11-Jan-00 10 5 0 5 1e 2 0 2 551 300 I0 3000000000 210 7 IC 70000000
RawCE IC 5 0 5 1C' 1_ 0 1
Sde ie 1 0 1 l .0 0 0
Iocculatian 1 1
chamber) 10 16
12-Jan-CO I 5 0 5 IC 0. 0 0 551 300 l 3000000 30 104 i 40000
Stabilized 1 4  5 0 5 10 3 0 3
SkAge Ic5  1 0 1 1C 0 0 0
1C 1F
10 10IC 10.
_ 10- 10'
10- IC
....... . .......
-----------
r T 7Total ColifonaandrFecal Colfonrinunomm Sheet
Saple _Tctal Coliform Fecal Coliferm Tctal Coifcrn Fecal Coifcrm
Infcratcn Diti 241r 48$r Tdal Diblicn 24r 48Ir Tctal Cabo MPN Base MIPN/OOml Crbo 1&vN Base MPN/00 m
12-Jan-00 1C 5 0 5 W 1 0 1 540 130 10 13000000 110 4 10Y 4000000
RawCEP1 10 4 0 4 10 1 0 1
Sde 1c6. 0 0 0 0 o 0 0
pops All 15F
13-Jan-00 104 5 0 5 10 0 510 30 1 3000000 -
Dewatered 1o 1 0 1 1. 0
rmd 1t 0 0 0 1lt 0
Sbge1 CF
ICY ICr
10- 10-
10~ 16-
10~ 10-
10- 10~
10~ 10~
10- 10'
_ 10- 10-
1. 1. .
.. .......... . 1 0.. ...... ....... ............ ....... .............. ... ................... ... ..........1. .... ................... ..................
0
c/I
'Total Colfmand Fecal ColfmnbtInfoion _ariseet
Saple Tctal Colifan Fecal Colifcrn iTctal Cdifcrm Fecal Coifcrm
Infcnticn Diltio 24hr 481r Tdal Diic 24k 48br Tctal Ccrrtbo Mv Base MPN/100ni Cc.bo NPN Base MPN/Oml
20Jan-00 10' 5 0 5 0 5 0 5 553 900 9000000000 510 30 lei 300000000
RawcEY1_ _o' 5 0 _ _l 1 1
b e10 3 0 3 1e 0. a o ...
feskudge 1_ 1
pup 10' 1 u155 10 6 6
21-Jan-00 10G 5 0 5 1QA 555 1601 i02 160000 10 100000
Dewatered 102 4 0 5 1.2
lirmd 10' 5 0 5 10O
sludge I0' 16 C _ _ ______ _
(w/polymer) 10 10 iY
10~ 16'_ _
ICY 1C.
10~ 1(5
10. 10
I16 10
10' 10'
1 .... 1.
0
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Parasitological Analysis of Wastewater and Sludge
of Riviera de Sio Loureneo WWTP , Brazil
- Sampling date: March 30, 2000
- Sample number: 1 sample per site
- Analist: Silvana A. Cutolo, Fac. Public Health, Sao Paulo University
Raw Wastewater
Helmint Eggs: Ascaris sp, Enterobius vermicularis, Necator americanus
Helmint Larvae: Ancilostomid, Enterobius vermicularis
Protozoan Cists: Entamoeba coli, Entamoeba histolytica, Giardia sp
CEPT Effluent
Helmint Eggs: Enterobius vermicularis, Hymenolepsis diminuta
Helmint Larvae: Enterobius vermicularis, Strongilodes stercoralis
Protozoan Cists: Entamoeba coli
Facultative Lagoon Effluent (before chlorination)
Helmint Eggs: Hymenolepsis diminuta
Helmint Larvae: Enterobius vermicularis, Strongilodes stercoralis
Protozoan Cists: Entamoeba coli, Giardia sp
Limed Sludge
Helmint Eggs: Ascaris sp (viable*), Ascaris sp (unviable*), Hymenolepsis
diminuta, Necator americanus, Taenia sp
Helmint Larvae: Enterobius vermicularis, Strongilodes stercoralis
Protozoan Cists: Entamoeba coli, Giardia sp, Iodamoeba
* viability was determined visually, by morphological characteristics of the egg, and not by culturing the
eggs.
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L Labo'atoro de Caracterizagio Tecnologica - Departamento de
Engenharia de MinasC Escola Polit6cnica da Universidade de SAo Paulo
T Av. PrdMeo Moraes, 2373 - 05508-900 Sio PaLio -SP TEL(011 818-5787e 818-5551.
FAX (011)815-5785
RESULTADOS DE ANALISE QUIMICA - CEPT SLUDGE
CERTIFICADO: 101/00 REQ. 0115/00 DATA: 28/03/00
CLIENTE: Sobloco Construtora S/A e/ou
TYPE OF ANALYSIS: Semiquantitative, by X-Ray Fluorescence
Results in % of elements detected
N*LCT 796/00 797/00
Element Samplel Sample 2
0 10,8 14,5
Na 0,05 0,04
Mg 0,31 0,34
Al 0,32 0,48
Si 0,75 0,65
P 1,29 1,44
S 1,58 2,42
Cl 0,05 0,05
K 0,09 0,07
Ca 8,12 11,8
Ti 0,20 0,20
Cr 0,01
Mn 0,03 0,03
Fe 4,59 6,33
Cu 0,02 0,01
Zn 0,06 0,05
Sr 0,04 0,05
L.I. 71,7 61,6
DADOS OPERACIONAIS
Anilise Semiquantitativa sem padr6es
Modo de Cilculo = em % of elements
Mass Viewed= 10,000mg
Teores Conhecidos =
Area viewed= 27mm Diluente=
L.I. (Loss on Ignition 1050*C) =
110
Observations Ricardo:
Sample 1: sludge CEPT (ferric sulphate) w/ 2.1 % ST, sampled by Heidi on 01/12/00,
limed at the lab. w/ 40 g lime/10 1 raw sludge (= 20% lime/TS), dewatered on
Microwedge to 10,3% TS, and dried in oven at 103"C. Volatile solids: 65.5% at 550 "C
and 71.7% at 1050"C.
Sample 2: sludge CEPT (ferric sulphate) w/ 1.9% ST, sampled by Heidi on 01/20/00,
limed at the lab. w/ 60 g lime/10 I raw sludge (= 30% lime/TS), dewatered on
Microwedge to 9.9% TS, and dried in oven at 103"C. Volatile solids: 55.0% at 550 "C
and 61.6% at 1050 "C.
- This kind of analysis detects all the chemical elements with atomic weight >12, at
concentrations >50 mg/Kg. Listed above are those elements actually detected in each
sample.
- The elements As, Cd, Pb, Hg, Mo, Ni e Se, which have established max. limits for
biosolids use in Sao Paulo (CETESB's limits) were not detected in these 2 samples.
Other 2 controlled elements were detected: Max. Allowed Limit: Cu: 0,43% = 4300
mg/Kg; Zn: 0,75% = 7.500 mg/Kg.
- There is no established limit for Cr in Sao Paulo.
- Elements above which are essencial nutrients for plants: Mg, P, S, K, Ca, Cr, Mn, Fe,
Cu, Zn
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OlnST aGuboauiteaNisnadHdLkedcfSk
Kam13tsprfmldwtl~mrisrI inh -G eci )nte nl m inah
1NadI-a a3spi afunalidywitai abrd rgsmEat 105oC
2)*H drgnatert d iad aimardcioHledi ndJbym rgWby03 1
Et d Iffl nix CH4-1XOlrQ HaffNas
4) rdatu d lrA rHrB3JAeNST-8b
5)Mst tuednx ntnibre
I ______
I I........~.
-- I a--- ± -~ ____
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Month MeanFlow TSS (m /L TotalPhosphate mglf Sludge Sludge
% So lids Density
(m gdf (m 3/r) Influert Effluent Influent Effluert (k m)
Feb 250.1 39445 184 93 5.32 1.73 7.7 10302
Mar 210 33120 227 128 5.19 ND 5.6 1022.4
Apr 210.2 33152 230 103 6.67 0.56 5.2 10202
W C166 29430 231 9 5W72 0W84 42 119.
Jun 174.9 27585 255 110 6.34 0.32 4.6 1018.4
Jul 182.9 28846 251 106 5.21 0.47 4.8 10192
Aug 186.1 29351 254 106 7.15 1.39 5.1 1020.4
PP 122L- 7 29761 W5 jWf nnL WAL1 5 1 J1fl2.
Oct 181.8 28673 268 105 6.94 1.19 4.5 1018
Nov 184.5 29099 230 109 7.12 1.76 4.5 1018
Dec 182.9 28846 290 114 4.93 0.64 4.9 10196
Avg 194.4 30663 246 106 6.16 0.96 5.2 120.7
Month 0degaard and Karisson K=3 Odegaard and Karisson K=4
Dry wei ght Wet wei htfVolume Dry wei it Wet weight] V olum e
(tonne/ld) (m /d) (2 SS/m flow)Y
2904 2844 229
1946 1888 182
2432 2378 195
3049 2987 223
3036 2978 230
3127 3071 241
3134 3075 241
3043 2932 244
3239 3175 255
3598 3535 259
3776 3709 267
3508 3441 272
3279 3217 248
(tonne/d)
3245
2243
2774
3418
3390
3474
3482
3376
3577
3967
4150
3849
3631
(m /d)
3178
2176
2713
3349
3326
3411
3308
3505
3897
4076
3775
3563
Month 0degaard and K arisson K=5 Harleman and Murcott Measured
I D ry wei ght Wet weightI V olume ID ry weightI Wetw eight V olume | Dry w eiht
(tonne/d)
2539
3116
3787
3745
3821
3829
3709
(1) FericChloride Dose: =
dI (tonne/d)
2463
3047
3710
3752
3757
3634
4335 4259
4524 4444
4189 4109
3984 3908
24.1 mg/L
(m /d) ton/d
2200 2155 122
1316 1276 104
1736 1698 113
2319 2272 111
2308 2264 121
2439 2395 134
2418 2372 150
2377 2329 111
2567 2515 147
2861 2810 140
3019 2965 145
2797 2744 131
2567 2515 127
(2) Relative density of solids in sludge is assumed to be 1.4 (Metcalf & Eddy, 1991).
(3) Ton is shortton.
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Jan
Feb
Mar
Apr
May
Jun
Aug
Sep
Oct
Dec
Avg
(gSS/m 3flow)
205
158
171
199
206
217
217
220
231
235
243
248
224
Feb
Mar
Apr
May
Jun
Jul
Aug
Oct
Nov
Dec
Avg
(S SS/m flow)
254
207
220
248
255
266
266
269
280
284
292
297
273
' -- "Y
